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I HAVE to ask your attention this evening to certain outward man- 

ifestations of a propensity common to human nature in every 
aspect in which we are acquainted with it—the most primitive and 
barbarous, and the most civilized and refined—but one which is, as far 
as I know, peculiar to human nature. 

I shall speak of deformity in the sense of alteration of the natural 
form of any part of the body, and those cases of voluntary deformation 
will be considered which are performed, not by isolated individuals, 
or with special motives, but by considerable numbers of members of 
a community in imitation of one another—in fact, according to fashion, 
“that most inexorable tyrant, to which the greater part of mankind 
are willing slaves.” 

Fashion is now often associated with change, but in more primi- 
tive communities fashions of all sorts are more permanent than with 
us ; and in all communities such fashions as those I am now speaking 
of are, for obvious reasons, far less likely to be subject to the fluctua- 
tions of caprice than those affecting the dress only, which, even in 
Shakespeare’s time, changed so often that “the fashion wears out 
more apparel than the man.” Alterations once made in the form of 
the body can not be discarded or modified in the lifetime of the 
individual, and therefore, as fashion is intrinsically imitative, such 
alterations have the strongest possible tendency to be reproduced gen- 
eration after generation. 

The origins of these fashions are mostly lost in obscurity, all 


* A discourse delivered at the Royal Institution, Friday, May 7, 1880. 
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‘attempts to solve them being little more than guesses. Some of .them 
have become associated with religious or superstitious observances, 
and so have been spread and perpetuated ; some have been vaguely 
thought to be hygienic in motive ; most have some relation to con- 
ventional standards of improved personal appearance ; but, whatever 
their origin, the desire to conform to common usage, and not to 
appear singular, is the prevailing motive which leads to their con- 
tinuance. 

The most convenient classification of these customs will be one 
which is based upon the part of the body affected by them, and I will 
begin with the more superficial and comparatively trivial—the treat- 
ment of the hair and other appendages of the skin. 





Fig 1—AUSsTRALIAN Native, with Bong Nosk-ORNAMENT. 


Here we are at once introduced to the domain of Fashion in her 
most potent sway. The facility with which hair lends itself to various 
methods of treatment has been a temptation too great to resist in all 
known conditions of civilization. Innumerable variations of custom 
exist in different parts of the world, and marked changes in at least 
all more or less civilized communities have characterized successive 
epochs of history. Not only the length and method of arrangement, 
but even the color of the hair, is changed in obedience to caprices of 
fashion. In many of the islands of the Western Pacific, the naturally 
jet-black hair of the natives is converted into a tawny brown by the 
application of lime, obtained by burning the coral found so abundantly 
on their shores ; and, not many years since, similar means were em- 
ployed for producing the same result among the ladies of Western 
Europe—a fact which considerably diminishes the value of an idea 














8, 


i- 
r 








FASHION IN DEFORMITY. 723 


entertained by many ethnologists, that community of custom is evi- 
dence of community of origin or of race. 

Notwithstanding the painful and laborious nature of the process, 
when conducted with no better implements than flint knives, or pieces 
of splintered bone or shell, the custom of keeping the head closely 
shaved prevails extensively among savage nations. This, doubtless, 
tends to cleanliness, and perhaps comfort, in hot countries; but the 
fact that it is in many tribes practiced only by the women and children 
shows that these considerations are not those primarily engaged in its 
perpetuation. In some cases, as among the Feejeeans, while the heads 
of the women are commonly cropped or closely shaved, the men culti- 
vate, at great expense of time and attention, a luxuriant and elaborately 
arranged mass of hair, exactly reversing the conditions met with in 
the most highly civilized nations. 

In some regions of Africa it is considered necessary to female 
beauty carefully to eradicate the eyebrows, special pincers for the 
purpose forming part of the appliances of the toilet; while the va- 
rious methods of shaving and cuttimg the beard among men of all 
nations are too well known to require more than a passing notice. 
The treatment of finger-nails, both as to color and form, has also been 
subject to fashion ; but the practical inconveniences attending the 
inordinate length to which these are permitted to grow in some parts 
of the east of Asia appear to have restricted the custom to a few 
localities. 

If time allowed, the exceedingly widespread custom of tattooing 
the skin might be here considered, as a result of the same propensity 
as that which produces the other more serious deformations, now to 
be spoken of ; but it will be as well to pass at once to these. 

The nose, the lips, and the ears have, in almost all races, offered 
great temptations to be used as foundations for the display of orna- 
ment, some process of boring, cutting, or alteration of form being 
necessary to render them fit for the purpose. When Captain Cook, 
exactly one hundred years ago, was describing the naked savages of 
the east coast of Australia,* he said : “ Their principal ornament is the 
bone which they thrust through the cartilage which divides the nos- 
trils from each other. What perversion of taste could make them 
think this a decoration, or what could prompt them, before they had 
worn it or seen it worn, to suffer the pain and inconvenience that must 
of necessity attend it, is perhaps beyond the power of human sagacity 
to determine. As this bone is as thick as a man’s finger, and between 
five and six inches long, it reaches quite across the face, and so effect- 
ually stops up both the nostrils that they are forced to keep their 
mouths wide open for breath, and snuffle so when they attempt to 
speak that they are scarcely intelligible even to each other. Our sea- 
men, with some humor, called it their spritsail-yard ; and, indeed, it 


* “ First Voyage,” vol. ii., p. 633. 
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had so ludicrous an appearance that, till we were used to it, we found 
it difficult to refrain from laughter.” 

Eight years later, on his visit to the northwest coast of America, 
Captain Cook found precisely the same custom prevailing among the 
natives of Prince William’s Sound, whose mode of life was in most 
other respects quite dissimilar to that of the Australians, and who be- 
long ethnologically to a totally different branch of the human race, 

In 1681 Dampier* thus describes a custom which he found exist- 
ing among the natives of the Corn Islands, off the Mosquito coast, in 
Central America: “They have a Fashion to cut Holes in the Lips of 
the Boys when they are young, close to their Chin, which they keep 

open with little Pegs till they are fourteen or fifteen 
\ ate years old ; then they wear Beards in them, made of 









XX Turtle or Tortoise-shell, in the Form you see in the 
SA Margin. The little Knotch at the upper end they 


put in through the Lip, where it remains between the 
Teeth and the Lip ; the under Part hangs down over 
their Chin. Tis they commonly wear all day, and 
when they sleep they take it out. They have like- 
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when young, and by continual stretching them with 
great Pegs, they grow to be as big as a mill’d Five- 
shilling Piece. Herein they wear Pieces of Wood, 
cut very round and smooth, so that their Ear seems 
to be all Wood, with a little Skin about it.” 

It is a remarkable thing that an almost exactly similar custom still 
prevails among a tribe of Indians inhabiting the southern part of Bra- 
zil—the Botocudos, so called from a Portuguese word meaning a plug 
er stopper. Among these people the lip-ornament consists of a conical 
‘piece of hard and polished wood, frequently weighs a quarter of a 
pound, and drags down, elongates, and everts the lower lip, so as to 
expose the gums and teeth, in a manner which to our taste is hideous, 
but with them is considered an essential adjunct to an attractive and 
correct appearance. 

In the extreme north of America, the Esquimaux “ pierce the lower 
lip under one to both corners of the mouth, and insert in each aper- 
ture a double-headed sleeve-button or dumb-bell-shaped labret, of bone, 
ivory, shell, stone, glass, or wood. The incision when first made is 
about the size of a quill, but, as the aspirant for improved beauty grows 
older, the size of the orifice is enlarged until it reaches the width of 
half to three quarters of an inch.”+ These operations appear to be 
practised only on the men, and are supposed to possess some signifi- 
cance other than that of mere ornament. The first piercing of the lip, 


Ih 
i" 


* “Voyage Round the World,” edition 1717, vol. i., p. 32. 
+ H. H. Bancroft, “Native Races of the Pacific States of North America,” vol. 
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which is accompanied by some solemnity as a religious feast, is per- 
formed on approaching manhood. 

But the people who have carried these strange customs to the great- 
est excess are the Thlinkeets, who inhabit the southeastern shores of 
Alaska.* “Here it is the women who, in piercing the nose and ears, 
and filling the apertures with bones, shells, sticks, pieces of copper, 
nails, or attaching thereto heavy pendants, which drag down the organs 
and pull the features out of place, appear to have taxed their inventive 
powers to the utmost, and with a success unsurpassed by any nation 
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Fig. 3.—Botrocupo Inp1An. From Bigg-Wither’s “‘ Pioneering in South Brazil" (1878). 


in the world, to produce a model of hideous beauty. This success is 
achieved in their wooden lip-ornament, the crowning glory of the 
Thlinkeet nation, described by a multitude of eye-witnesses. In all 
female free-born Thlinkeet children, a slit is made in the under lip, 
parallel with the mouth, and about half an inch below it. A copper 
wire, or a piece of shell or wood, is introduced into this, by which the 
wound is kept open and the aperture extended. By gradually intro- 
ducing larger objects the required dimensions of the opening are pro- 
duced. On attaining the age of maturity, a block of wood is inserted, 
usually oval or elliptical in shape, concave on the sides, and grooved 
like the wheel of a pulley on the edge in order to keep it in place. The 
dimensions of the block are from two to six inches in length, from one 
to four inches in width, and about half an inch thick round the edge, 
and it is highly polished. Old age has little terror in the eyes of a 


* See Bancroft, op. cif., vol. i., for numerous citations from original observers regarding 
these customs. 
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Thlinkeet belle ; for larger lip-blocks are introduced as years advance, 
and each enlargement adds to the lady’s social status, if not to her 
facial charms. When the block is withdrawn, the lip drops down 
upon the chin like a piece of leather, displaying the teeth, and present- 
ing altogether a ghastly spectacle. The privilege of wearing this or- 
nament is not extended to female slaves.” 

In this method of adornment the native Americans are, however, 
rivaled, if not eclipsed, by the negroes of the heart of Africa. 

“The Bongo women” (says Schweinfurth*) “delight in distinguish- 
ing themselves by an adornment which to our notion is nothing less 
than a hideous mutilation. As soon as a woman is married, the opera- 
tion commences of extending her lower lip. This, at first only slightly 
bored, is widened by inserting into the orifice plugs of wood, gradu- 
ally increasing in size, until at length the entire feature is enlarged to 
five or six times its original proportions. The plugs are cylindrical in 
form, not less than an inch thick, and are exactly like the pegs of bone 
or wood worn by the women of Musgoo. By this means the lower lip 
is extended horizontaliy till it projects far beyond the upper, which is 
also bored and fitted with a copper plate or nail, and now and then by 
a little ring, and sometimes by a bit of straw, about as thick as a luci- 
fer-match. Nor do they leave the nose intact; similar bits of straw 
are inserted into the edges of the nostrils, and I have seen as many as 
three of these on each side. A very favorite ornament for the carti- 
lage between the nostrils is a copper ring, just like those that are placed 
in the nose of buffaloes and other beasts of burden for the purpose of 
rendering them more tractable. The greatest coquettes among the 
ladies wear a clasp, or cramp, at the corners of the mouth, as though 
they wanted to contract the orifice, and literally to put a curb upon 
its capabilities. These subsidiary ornaments are not, however, found 
at all universally among the women, and it is rare to see them all at 
once upon a single individual ; the plug in the lower lip of the married 
women is alone a sine gud non, serving as it does for an artificial dis- 
tinction of race.” 

The slightest fold or projection of the skin furnishes an excuse for 
boring a hole, and inserting a plug or aring. There are women in the 
country whose bodies are pierced in some way or other in little short 
of a hundred different places, and the men are often not far behind in 
the profusion with which this kind of adornment is carried out. 

“The whole group of the Mittoo exhibits peculiarities by which it 
may be distinguished from its neighbors. The external adornment of 
the body, the costume, the ornaments, the mutilations which individ- 
uals undergo—in short, the general fashions—have all a distinctive 
character of theirown. The most remarkable is the revoltiug, because 
unnatural, manner in which the women pierce and distort their lips ; 
they seem to vie with each other in their mutilations, and their vanity 


* “Heart of Africa,” vol. i., p. 297. 
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in this respect, I believe, surpasses anything that may be found through- 
out Africa. Not satisfied with piercing the lower lip, they drag out 
the upper lip as well for the sake of symmetry.* . . . Circular plates, 
nearly as large as a crown-piece, made variously of quartz, of ivory, 
or of horn, are inserted into the lips that have been stretched by the 
growth of years, and then often bent in a position that is all but hori- 
zontal ; and when the women want to drink, they have to elevate the 
upper lip with their fingers, and to pour the draught into their mouth. 

“Similar in shape is the decoration which is worn by the women 
of Maganya ; but, though it is round, it is a ring and not a flat plate ; 
it is called pelele, and has no object but to expand the upper lip. 
Some of the Mittoo women, especially the Loobah, not content with 





Fie. 4—Loopan Woman. (From Schweinfarth’s “ Heart of Africa.’’) 


the circle or the ring, force a cone of polished quartz through the lips 
as though they had borrowed the idea from the rhinoceros. This 
fashion of using quartz belemnites of more than two inches long is in 
some instances adopted by the men.” 

The traveler who has been the eye-witness of such customs may 
well add : “Even among these uncultured children of nature, human 
pride crops up among the fetters of fashion, which, indeed, are fetters 
in the worst sense of the word; for fashion in the distant wilds of 
Africa tortures and harasses poor humanity as much as in the great 
prison of civilization.” 

It seems, indeed, a strange phenomenon that in such different races, 
so far removed in locality, customs so singular—to our ideas so revolt- 
ing and unnatural, and certainly so painful and inconvenient—should 


* The mutilation of both lips was also observed by Rohlfs among the women of Kadje, 
in Segseg, between Lake Tchad and the Benwe. 
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either have been perpetuated for an enormous lapse of time, if the sup- 
position of a common origin be entertained, or else have developed 
themselves independently. 

These are, however, only extreme or exaggerated cases of the al- 
most universal custom of making a permanent aperture through the 
lobe of the ear for the purpose of inserting some adventitious object 
by way of adornment, or even for utility, as in the man of the Island 
of Mangea, figured in Cook’s “ Voyages,” who carries a large knife 
through a hole in the lobe of the right ear. Among ourselves, the 
custom of wearing ear-rings still survives, even in the highest grades of 
society, although it has been almost entirely abandoned by one half of 
the community, and in the other the perforation is reduced to the 
smallest size compatible with the purpose of carrying the ornament 
suspended from it. 

The teeth, although allowed by the greater part of the world to 
retain their natural beauty and usefulness of form, still offer a field 
for artificial alterations according to fashion, which has been made use 
of principally in two distinct regions of the world and by two distinct 
races. It is, of course, only the front teeth, and mainly the upper in- 
cisors, that are available for this purpose. Among various tribes of 
negroes of Equatorial Africa, different fashions of modifying the nat- 
ural form of these teeth prevail, specimens of which may be found in 
any large collection of crania of these people. One of the simplest 
consists of chipping and filing away a large triangular piece from the 
lower and inner edge of each of the central incisors, so that a gap is 


Fie 5.—Urrer Front TEETH ALTERED ACCORDING TO FasuHron : 1, 2, 3, African; 4, 5, 6, Malay. 


produced in the middle of the row in front (Fig. 5,1). Another fash- 
ion is to shape all the incisors into sharp points, by chipping off the 
corners, giving a very formidable crocodilian appearance to the jaws 
(2) ; and another is to file out either a single or a double notch in the 
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cutting edge of each tooth, producing a serrated border to the whole 
series (3). 

The Malays, however, excel the Africans, both in the universality 
and in the fantastic variety of their supposed improvements upon 
nature. While the natural whiteness of the surface of these organs 
is always admired by us, and by most people, the Malays take the 
greatest pains to stain their teeth black, which they consider greatly 
adds to their beauty. White teeth are looked upon with perfect dis- 
gust by the Dyaks of the neighborhood of Sarawak. In addition to 
staining the teeth, filing the surface in some way or other is almost 
always resorted to. The nearly universal custom in Java is to remove 
the enamel from the front surface of the incisors, and often the canine 
teeth, hollowing out the surface, sometimes, but not often, so deeply 
as to penetrate the pulp cavity (4). The cutting edges are also worn 
down to a level line with pumice-stone. Another, and less common, 
though more elaborate fashion, is to point the teeth, and file out notch- 
es from the anterior surface of each side of the upper part of the 
crown, so as to leave a lozenge-shaped piece of enamel untouched ; as 
this receives the black stain less strongly than the parts from which 
the surface is removed, an ornamental pattern is produced (5). In 
Borneo a still more elaborate process is adopted: the front surface of 
each of the teeth is drilled near the center with a small round hole, 
and into this a plug of brass with a round or star-shaped knob is fixed 
(6). This is always kept bright and polished by the action of the lip 
over it, and is supposed to give a highly attractive appearance when 


- the teeth are displayed. 


Perhaps the strange custom, so frequently adopted by the natives 
of Australia, and of many islands of the Pacific, of knocking out one 
or more of the front teeth, might be mentioned here, but it is usually 
associated with some other idea than ornament or even mere fashion. 
In the former case it constitutes part of the rites by which the youth 
are initiated into manhood, and in the Sandwich Islands it is performed 
as a propitiatory sacrifice to the spirits of the dead. 

The projection forward of the front upper teeth, which we think 
unbecoming, is admired by some races, and among the negro women 
of Senegal it is increased by artificial means employed in childhood.* 

All these modifications of form of comparatively external and 
flexible parts are, however, trivial in their effects upon the body to 
those which I shall speak of next, which induce permanent structural 
alterations both upon the bony framework and upon the important 
organs within. 

Whatever might be the case with regard to the hair, the ears, the 
nose, and lips, or even the teeth, it might have been thought that the 
actual shape of the head, as determined by the solid skull, would not 
have been considered a subject to be modified according to the fashion 


* Hamy, “ Revue d’Anthropologie,” January, 1879, p. 22. 
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of the time and place. Such, however, is far from being the case. 
The custom of artificially changing the form of the head is one of 
the most ancient and widespread with which we are acquainted. It 
is far from being confined, as many suppose, to an obscure tribe of 
Indians on the northwest coast of America, but is found, under various 
modifications, at widely different parts of the earth’s surface, and 
among people who can have had no intercourse with one another. It 
appears, in fact, to have originated independently, in many quarters, 
from some natural impulse common to the human race. When it once 
became an established custom in any tribe, it was almost inevitable 
that it should continue, until put an end to by the destruction either 
of the tribe itself, or of its peculiar institutions, through the inter- 
vention of some superior force, for a standard of excellence in form, 
which could. not be changed in those who possessed it, was naturally 
followed by all who did not wish their children to run the risk of the 
social degradation which would follow the neglect of such a custom. 
“Failure properly to mold the cranium of her offspring gives to the 
Chinook matron the reputation of a lazy and undutiful mother, and 
subjects the neglected children to the ridicule of their young compan- 
ions, so despotic is fashion.” * It is related in the narrative of Commo- 
dore Wilkes’s “ United States Exploring Expedition,” + that “at Niculu- 
ita Mr. Drayton obtained the drawing of a child’s head, of the Walla 
Walla tribe (Fig. 6), that had just been released from its bandages, in 
order to secure its flattened shape. Both the 

parents showed great delight at the success 

they had met with in effecting this distortion.” 

Many of the less severe alterations of the 

form to which the head is subjected are unde- 

signed, resulting only from the mode in which 

the child is carried or dressed during infancy. 

Thus habitually carrying the child on one arm 

appears to produce an obliquity in the form of 

the skull which is retained to a greater or less 

degree all through life. The practice followed 

/ by nomadic people of carrying their infants 

Fig. 6.—SLaT-HEADED INDIAN fastened to stiff pillows or boards, commonly 
causes a flattening of the occiput; and the 

custom of dressing the child’s head with tightly fitting bandages, still 
common in many parts of the Continent, and even used in England 
within the memory of many living people, produces an elongated and 
laterally constricted form.{ In France this is well known, and so com- 


* Bancroft, op. cit., vol. i., p. 238. + Vol. iv., p. 388. 

¢ After the lecture, a gentleman of advanced age showed me a circular depression 
round the upper part of his head, which he believed had been produced in this manner, 
as the custom was still prevailing at the time of his birth in the district of Norfolk of 


which he was a native. 
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mon is it in the neighborhood of Toulouse, that a special form of head 
produced in this manner is known as the “déformation Toulousaine.” 

Of the ancient notices of the custom of purposely altering the form 
of the head, the most explicit is that of Hippocrates, who in his trea- 
tise, “ De Aéris, Aquis et Locis,” about 400 8. c., says,* speaking of 
the people near the boundary of Europe and Asia, near the Palus 
Meotis (Sea of Azov): “I will pass over the smaller differences 
among the nations, but will now treat of such as are great either from 
nature or custom ; and first, concerning the Macrocephali. There is 
no other race of men which have heads in the least resembling theirs. 
At first, usage was the principal cause of the length of their head, but 
now Nature codperates with usage. They think those the most noble 
who have the longest heads. It is thus with regard to the usage: im- 
mediately after the child is born, and while its head is still tender, 
they fashion it with their hands, and constrain it to assume a length- 
ened shape by applying bandages and other suitable contrivances, 
whereby the spherical form of the head is destroyed, and it is made to 
increase in length. Thus, at first, usage operated, so that this consti- 
tution was the result of force ; but in the course of time it was formed 
naturally, so that usage had nothing to do with it.” 








Fie. 7.—SKULLS ARTIFICIALLY DEFORMED ACCORDING TO SrmiLarR Fasnions: A, from an 
ancient tomb at Tiflis; B, from Titicaca, Peru. (From specimens in the Museum of the 
Royal College of Surgeons.) C, from the Island of Mallicollo, New Hebrides. 


Here Hippocrates appears to have satisfied himself upon a point 
which is still discussed with great interest, and still not cleared up— 
the possibility of transmission by inheritance of artificially produced 
deformity. Some facts seem to show that such an occurrence may 
take place occasionally, but there is an immense body of evidence 
against its being habitual. 

Herodotus also alludes to the same custom, as do, at later dates, 
Strabo, Pliny, Pomponius Mela, and others, though assigning differ- 
ent localities to the nations or tribes they refer to, and also indicating. 
variations of form in their peculiar cranial characteristics. 

Recent archxological discoveries fully bear out these statements. 
Heads deformed in various fashions, but chiefly of the constricted, 


* Sydenham Society’s edition, by Dr. Adam, vol. i., p. 207. 
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elongated shape, have been found in great numbers in ancient tombs 
in the very region indicated by Herodotus. They have been found 
near Tiflis; where as many as one hundred and fifty were discovered 
at one time, and at other places in the Caucasus, generally in rock- 
tombs ; also in the Crimea, and at different localities along the course 
of the Danube ; in Hungary, Silesia, in the south of Germany, Switzer- 
land, and even in France and Belgium. The people who have left 
such undoubted evidence of the practice of deforming their heads 
have been supposed by various authors to have been Avars, Huns, 
Tartars, or other Mongolian invaders of Europe; but later French 
authors, who have discussed this subject, are inclined to assign them 
to an Aryan race, who, under the name of Cimmerians, spread west- 
ward over the part of Europe in which their remains are now found, 
in the seventh or eighth century before our era. As the method of 
deformation in European specimens is not always identical, it is by no 
means certain that the custom may not have been in use among more 
than one nation. Whether the French habit, scarcely yet extinct, of 
tightly bandaging the heads of infants, is derived from these people, 
or is of independent origin, it is impossible to say. 





Fic. 8—DeErormMeD SKULL OF AN INFANT, Fic. 9.—ARTIFICIALLY FLATTENED SKULL OF 
who had died during the process of flat- ANCIENT PERUVIAN. (Museum of the Royal 
tening ; from the Columbia River. (Mu- College of Surgeons.) 
seum of the Royal College of Surgeons.) 


In Africa and Australia‘no analogous customs have been shown to 
exist, but in many parts of Asia and Polynesia, deformations, though 
usually only confined to flattening of the occiput, are common. Though 
often undesigned, it is done purposely, I am informed by Mr. H. B. 
Low, by the Dyaks, in the neighborhood of Sarawak. Sometimes, in 
the islands of the Pacific, the head of the new-born infant is merely 
pressed by the hands into the desired form, in which case it generally 
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soon recovers that which Nature intended for it. In one island alone, 
Mallicollo, in the New Hebrides, the practice of permanently depress- 
ing the forehead is almost universal, and skulls are even found con- 
stricted and elongated exactly after the manner of the Aymaras of 
ancient Peru. 

Though the Chinese usually allow the head to assume its natural 
form, confining their attentions to the feet, a certain ‘class of mendi- 
gant devotees appear to have succeeded to a remarkable extent in 
getting their skulls elongated into a conical form, if the figure in 
Picart’s “ Histoire des Religions,” vol. iv., plate 131, is to be trusted. 

America is, however, or rather has been, the headquarters of all 
these fantastic practices, and especially along the western coast, and 
mainly in two regions, near the mouth of the Columbia River in the 
north, and in Peru in the south. The practice also existed among the 
Indians of the southern part of what are now the United States, and 
among the Caribs of the West India Islands. In ancient Peru, before 
the time of the Spanish conquest, it was almost universal. In an edict 
of the ecclesiastical authorities of Lima, issued in 1585, three distinct 
forms of deformation are mentioned. Notwithstanding the severe 
penalties imposed by this edict upon parents persisting in the practice, 
the custom was so difficult to eradicate that another injunction against 
it was published by the Government as late as 1752. 





Fig. 10.—PosTERIoR View OF CrRANtUM, deformed according to the fashion of flattening, with com- 
pensatory lateral widening. (Museum of the Royal College of Surgeons.) 


In the West Indies, and the greater part of North America, the 
custom has become extinct with the people who used it; but the 
Chinook Indians, of the neighborhood of the Columbia River, and the 
natives of Vancouver Island, continue it to the present day, and this 
is the last stronghold of this strange fashion, though under the influ- 
ence of European example and discouragement it is rapidly dying out. 
Here the various methods of deforming the head and their effects have 
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been studied and described by numerous travelers. The process com- 
mences immediately after the birth of the child, and is continued for 
a period of from eight to twelve months, by which time the head has 
permanently assumed the required form, although during subsequent 
growth it may partly regain its proper shape. “It might be sup- 
posed,” observes Mr. Kane, who had large opportunities of watching 
the process, “tlat the operation would be attended with great suffer- 
ing, but I never heard the infants crying or moaning, although I have 
seen their eyes seemingly starting out of the sockets from the great 
pressure ; but, on the contrary, when the thongs were loosened and 
the pads removed, I have noticed them cry until they were replaced. 
From the apparent dullness of the children while under the pressure, I 
should imagine that a state of torpor or insensibility is induced, and 
that the return to consciousness occasioned by its removal must be 
naturally followed by a sense of pain.” 

Nearly, if not all, the different fashions in cranial deformity, ob- 
served in various parts of the world, are found associated within a 


Fie. 11.—Crantum or KosKeemo Inptan, Vancouver Island, deformed by circular constriction 
andelongation. (Museum of the Royal College of Surgeons.) 


very small compass in British Columbia and Washington Territory, 
each small tribe having often a particular method of its own. Many 
attempts have been made to classify these various deformities, but as 
they mostly pass insensibly into one another, and vary according as 
the intention has been carried out with a greater or less degree of per- 
severance and skill, it is not easy to do so. Besides the simple oc- 
cipital and the simple frontal compressions, all the others may be 
grouped into two principal divisions. First (Figs. 8 and 9), that in 
which the skull is flattened between boards or other compressors, 


applied to the forehead and back of the head, and as there is no lateral _ 
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pressure, it bulges out sideways to compensate for the shortening in 
the opposite direction (Fig. 10). This form is very often unsymmet- 
rical, as the flattening boards, applied to a nearly spherical surface, 
naturally incline a little to one side or the other ; and when this once 
commences, unless great care is used, it must increase until the very 
curious oblique flattening so common in these skulls is produced. This 
is the ordinary form of deformity among the Chinook Indians of the 
Columbia River, commonly called “ Flat-heads.” It is also most fre- 
quent among the Quichuas of Peru. 

The second form of deformity (Figs. 7, 11, and 12) is produced by 
constricting bandages of deer’s hide, or other similar material, encir- 
cling the head behind the ears, usually 
passing below the occiput behind, and 
across the forehead, and again across the 
vertex, behind the coronal suture, pro- 
ducing a circular depression. The re- 
sult is an elongation of the head, but 
with no lateral bulging, and with no de- 
viation from bilateral symmetry. This 
was the form adopted with trifling modi- 
fications by the Macrocephali of Herodo- 
tus, by the Aymara Indians of Peru, and 
by certain tribes, as the Koskeemos, of 
Vancouver Island. The “déformation 
Toulousaine” is a modification of the 
same form. 

The brain, of course, has had to ac- F1. 12-—Posrerior View or Crantom. 


deformed according to the fashion 
commodate itself to the altered shape of of circular constriction and elonga- 


tion. (Museum of the Royal College 
the osseous case which contained it; and _f Surgeons.) 
the question naturally arises, whether the important functions belong- 
ing to this organ are in any way impaired or affected by its change of 
form. All observations upon the living Indians who have been sub- 
jected to it, concur in showing that if any modification in mental 
power is produced, it must be of a very inconsiderable kind, as no 
marked difference has been detected between them and the neighbor- 
ing tribes which have not adopted the fashion. Men whose heads have 
been deformed to an extraordinary extent, as Concomly, a Chinook 
chief, whose skull is preserved in the museum at Haslar Hospital, have 
often risen by their own abilities to considerable local eminence, and 
the fact that the relative social position of the chiefs, in whose families 
the heads are always deformed, and the slaves on whom it is never 
permitted, is constantly maintained, proves that the former evince no 
decided inferiority in intelligence or energy. 
Although the American Indians, living a healthy life in their native 
wilds, and under physical conditions which cause all bodily lesions to 
occasion far less constitutional or local disturbance than is the case 
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with people living under the artificial conditions and the accummulated 
predisposition to disease which civilization entails, thus appear to suf- 
fer little, if at all, from this unnatural treatment, it seems to be other- 
wise with the French, on whom its effects have been watched by medi- 
cal observers more closely than it can have been on the savages in 
America. “ Dr. Foville proves, by positive and numerous facts, that the 
most constant and the most frequent effects of this deformation, though 
only carried to a small degree, are headaches, deafnesses, cerebral con- 
gestions, meningitis, cerebritis, and epilepsy ; that idiocy or madness 
often terminates this series of evils, and that the asylums for lunatics 
and imbeciles receive a large number of their inmates from among 
these unhappy people.”* For this cause the French physicians have 
exerted all their influence, and with great success, to introduce a more 
rational system in the districts where the practice of compressing the 
heads of infants prevailed. 

I will now pass from the head to the extremities, and shall have 
little to say about the hands, for the artificial deformities practiced 
upon those members are confined to chopping off one or more of the 
fingers, generally of the left hand, and usually not so much in obedience 
merely to fashion, as part of an initiatory ceremony, or an expiation 
or oblation to some superior, or to some departed person. Such prac- 
tices are common among the American Indians, some tribes of Afri- 
cans, the Australians, and Polynesians, especially those greatest of all 
slaves of ceremonial, the Feejeeans, where the amputation of fingers is 
demanded to appease an angry chieftain, or voluntarily performed on 
the occasion of the death of a relative as a token of affection. 

On the other hand, the feet have suffered more, and altogether 
with more serious results to general health and comfort from simple 
conformity to pernicious customs, than any other part of the body. 
But on this subject, instead of relating the unaccountable caprices of 
the savage, we have to speak only of people who have already ad- 
vanced to a tolerably high grade of civilization, and to include all 
those who are at the present time foremost in the ranks of intellectual 
culture. 

The most extreme instance of modification of the size and form of 
the foot in obedience to fashion, is the well-known case of the Chinese 
women, not entirely confined to the upper classes, but in some districts 
pervading all grades of society alike. The deformity is produced by 
applying tight bandages round the feet of the girls when about five 
years old. The process is an extremely painful one, and its results are 
not only an alteration in the relative position of the growing bones 
and other structures, but an arrest of their development, so that they 
remain permanently in a stunted or atrophied condition. The altera- 
tions of form consist in two distinct processes: 1. Bending the four 


* Gosse, “Essai sur les Déformations artificielle du Crane,” “ Annales d’Hygiéne pub- 
lique,” 2 ser., tome iv., p. 8. 
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outer toes under the sole of the foot, so that the first or great toe alone 
retains its normal position, and a narrow point is produced in front : 
2. Compressing the roots of the toes and the heel downward and 
toward one another so as greatly to shorten the foot, and produce a 
deep transverse fold in the middle of the sole (Fig. 14). The whole 
has now the appearance of the hoof of some animal rather than a 
human foot, and affords a very inefficient organ of support, as the pe- 
culiar tottering gait of those possessing it clearly shows. 

But strange as this custom seems to us, it is only a slight step in 
excess of what the majority of people in Europe subject themselves 
and their children to. From personal observation of a large number 
of feet of persons of all ages and of all classes of society in our own 
country, I do not hesitate to say that there are very few, if any, to be 


Fic. 13.—Sectrion oF Natural Foot with THE BONES, AND A COR- Fie. 14—Sorz or 
RESPONDING SECTION OF A CHINESE DEFORMED Foor. The CurnEsEe Wo- 
outline of the latter is dotted, and the bones shaded. MAN’s Foor. 


met with that do not, in some degree, bear evidence of having been 
subjected to a compressing influence more or less injurious. Let any 
one take the trouble to inquire into what a foot ought to be. For 
external form look at any of the antique models—the nude Hercules 
Farnese or the sandaled Apollo Belvedere ; watch the beautiful free- 
dom of motion in the wide-spreading toes of an infant; consider the 
wonderful mechanical contrivances for combining strength with mo- 
bility, firmness with flexibility ; the numerous bones, articulations, 
ligaments ; the great toe, with seven special muscles to give it that 
versatility of motion which was intended that it should possess—and 
then see what a miserable, stiffened, distorted thing is this same foot, 
when it has been submitted for a number of years to the “improving” 
process to which our civilization condemns it: the toes all squeezed 
and flattened against each other ; the great toe no longer in its normal 
position, but turned outward, pressing so upon the others that one or 
VOL, XV11.—47 





738 THE POPULAR SCIENCE MONTHLY. 


more of them frequently has to find room for itself either above or 
under its fellows; the joints all rigid, the muscles atrophied and 
powerless ; the finely formed arch broken down ; everything which is 
beautiful and excellent in the human foot destroyed, to say nothing of 
the more serious evils which so generally follow—corns, bunions, in- 
growing nails, and all their attendant miseries. 

Now, the cause of all this will be perfectly obvious to any one who 
compares the form of the natural foot with the last upon which the 
shoemaker makes the covering for that foot. This, in the words of 


Cc 











Fie. 15—A, natural form of the sole of the foot, the great toe parallel to the axis of the whole 
foot; B, the same, with outline of ordinary fashionable boot ; C, the necessary modi- 
fication of the form of the foot consequent upon wearing such a boot. 


the late Mr. Dowie, “is shaped in front like a wedge, the thick part 
or instep rising in a ridge from the center or middle toe, instead of 
the great toe, as in the foot, slanting off to both sides from the middle, 
terminating at each side and in front like a wedge ; that for the inside 
or great toe being similar to that for the outside or little toe, as if the 
human foot had the great toe in the middle and a little toe at each 
side, like the foot of a goose!” The great error in all boots and 
shoes made upon the system now in vogue in all parts of the civilized 
world lies in this method of construction upon a principle of bilateral 
symmetry. A straight line drawn along the sole from the middle of 
the toe to the heel will divide a fashionable boot into two equal and 
similar parts, a small allowance being made at the middle part, or 
“waist,” for the difference between right and left foot. Whether the 
toe is made broad or narrow, it is always equally inclined at the sides 
toward the middle line, whereas in the foot there is no such symmetry. 
The first or inner toe is much larger than either of the others, and its 
direction perfectly parallel with the long axis of the foot. The second 
toe may be a little larger than the first, as generally represented in 
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Grecian art, but it is more frequently shorter ; the other rapidly de- 
crease in size (Fig. 15, A). The modification which must have taken 
place in the form of the foot and direction of the toes before sucha 
boot can be worn with any approach to ease is shown at C. Often it 
will happen that the deformity has not advanced to so great an extent, 
but every one who has had the opportunity of examining many feet, 
especially among the poorer class, must have met with many far worse. 
The two figured (Fig. 16), one (C) from a laboring workingman, the 
other (A and B) from a working-woman, both patients at a London 





Fig. 16.—ENGLisH FEET DEFORMED BY -WEARING IMPROPERLY SHAPED SHogEs. (From Nature.) 


hospital, are very ordinary examples of the European artificial de- 
formity of the foot, and afford a good comparison with the Chinese. 
It not unfrequently happens that the dislocation of the great toe is 
carried so far that it becomes placed almost at a right angle to the 
long axis of the foot, lying across the roots of the other toes. 

The changes that a foot has to undergo in order to adapt itself to 
the ordinary shape of a shoe could probably not be effected unless 
commenced at an early period, when it is young and capable of being 
gradually molded _into the required form. It seems perfectly mar- 
velous that any one who had ever looked at a healthy pair of human 
feet could have thought of the possibility of wearing a stiff, unyield- 
ing shoe of identical form for both right and left, and yet the very 
trifling difference which is at present allowed is a comparatively mod- 
ern innovation, and is even now too frequently disregarded, especially 
where most needed, as in the case of children. 

The loss of elasticity and motion in the joints of the foot, as well 
as the wrong direction acquired by the great toe, are not mere theo- 
retical evils, but are seriously detrimental to free and easy progres- 
sion, and can only be compensated for in walking by a great expendi- 
ture of muscular power in other parts of the body, applied in a dis- 
advantageous manner, and consequently productive of general weari- 
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ness. The laboring-men of this country, who from their childhood 
wear heavy, stiff, and badly shaped boots, and in whom, consequently, 
the play of the ankle, feet, and toes is lost, have generally small and 
shapeless legs and wasted calves, and walk as if on stilts, with a swing- 
ing motion from the hips. Our infantry soldiers also suffer much in 
the same manner, the regulation boots in use in the service being ex- 
ceedingly ill adapted for the development of the feet. Much injury 
to the general health—the necessary consequence of any impediment 
to freedom of bodily exercise—must also be attributed to this cause. 
Since some of the leading shoemakers have ventured to deviate a little 
from the conventional shape, those persons who can afford to be spe- 
cially fitted are better off as a rule than the majority of poorer people, 
who, although caring less for appearance, and being more dependent 
for their livelihood upon the physical welfare of their bodies, are 
obliged to wear ready-made shoes of the form that an inexorable cus- 
tom has prescribed. 

No sensible person can really suppose that there is anything in 
itself ugly, or even unsightly, in the form of a perfect human foot ; 
and yet all attempts to construct shoes upon its model are constantly 
met with the objection that something extremely inelegant must be the 
result. It will, perhaps, be a form to which the eye is not quite ac- 
customed ; but we all know how extremely arbitrary is Fashion in her 
dealings with our outward appearance, and how anything which has 
received her sanction is for the time considered elegant and tasteful, 
while a few years later it may come to be looked upon as positively 
ridiculous. That our eye would soon get used to admire a different 
shape may be easily proved by any one who will for a short time wear 
shoes constructed upon a more correct principle, when the prevailing 
pointed shoes, suggestive of cramped and atrophied toes, become posi- 
tively painful to look upon. 

Only one thing is needed to aggravate the evil effect of a pointed 
toe, and that is the absurdly high and narrow heel so often seen now 
on ladies’ boots, which throws the whole foot into an unnatural position 
in walking, produces diseases well known to all surgeons in large prac- 
tice, and makes the nearest approach yet effected by any European 
nation to the Chinese custom which we generally speak of with sur- 
prise and reprobation. And yet this fashion appears just now on the 
increase among people who boast of the highest civilization to which 
the world has yet attained. 

But when, in spite of all the warnings of common sense and expe- 
rience,* we continue to torture and deform our horses’ mouths and 
necks with tight bearing-reins, as injurious, as useless, and as ugly 
as any of these customs we practice on ourselves, and all for no better 
reason, we may well say with Dr. Johnson, “Few enterprises are so 
hopeless as a contest with fashion.” 

* See “ Bits and Bearing-Reins,” by Edward Fordham Flower. Cassell & Co., 1879. 
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I must speak last upon one of the most remarkable of all the arti- 
ficial deformities produced by adherence to a conventional standard, 
and one which comes very near home to many of us. 

It is no part of the object of the present discourse to give a medi- 
cal disquisition upon the evils of tight-lacing, though much might be 
said of the extraordinary and permanent change of form and relative 
position produced by it, not only on the bony and cartilaginous frame- 
work of the chest, but also in the most important organs of life con- 
tained within it, changes far more serious in their effects than those 
of the Chinook’s skull and brain, or the Chinese woman’s foot. It is 
only necessary to compare these two figures (Figs. 17 and 18), one 
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acknowledged by all the artistic and anatomical world to be a perfect 
example of the natural female form, to be convinced of the gravity 
of the structural changes that must have taken place in such a form, 
before it could be reduced so far as to occupy the space shown in the 
second figure, an exact copy of one of the models now held up for 
imitation in the fashionable world. The wonder is not that people 
suffer, but that they continue to live, under such conditions. 

It is quite possible, or even probable, that some of us may think 
the latter the more beautiful of the two. If any should do so, let us 
pause to consider whether we are sure that our judgment is sound on 
the subject. Let us remember that to the Australian the nose-peg is 
an admired ornament, that to the Thlinkeet, the Botocudo, and the 
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Bongo negro, the lip dragged down by the heavy plug and the ears dis- 
tended by huge disks of wood are things of beauty, that the Malay 
prefers teeth that are black to those of the most pearly whiteness, that 
the Western Indian despises the form of a head not flattened down 
like a pancake, or elongated like a sugar-loaf, and then let us carefully 
ask ourselves whether we are sure that in leaving nature as a standard 
of the beautiful, and adopting a purely conventional criterion, we are 
not falling into an error exactly similar to that of all these people 
whose tastes we are so ready to condemn. 

The fact is that, in admiring such distorted forms as the constricted 
waist and symmetrically pointed foot, we are simply putting ourselves 
on a level in point of taste with those Australians, Botocudos, and 
negroes. We are taking fashion, and nothing better, higher, or truer, 
for our guide ; and, after the various examples brought forward this 
evening, may I not well ask— 


“Seest thou not what a deformed thief this fashion is?” 


COOPERATION IN ENGLAND. 
Br GEORGE ILES. 


T the Codperative Congress, held in Newcastle-on-Tyne, last May, 
some very interesting statistics were presented. ‘The latest re- 
port of the Registrar is for 1878, and shows the membership of Brit- 
ish codperative societies to have been 560,703, having transacted dur- 
ing the year business amounting to $102,820,000. In 1861—the first 
year of the reports published by the Registrar—the membership was 
48,184, with a business for that year of $7,360,000. This remarkable 
growth of cotperation within recent years has brought it from the 
obscurity of a theory, held by the general public to be either imprac- 
ticable altogether, or practicable only within special and narrow limits, 
to the importance of a power which is transforming in appreciable 
measure the entire retail trade of Great Britain, and which, at the last 
election, had aroused an antagonism which excluded from Parliament 
two well-known publicists of high character and ability. 

The codperative movement, as far as it has gone, has been chiefly 
directed toward so improving the ordinary methods of retail trade as 
to confer moral benefit and material profit upon the working-classes. 
The wastes of our present plans of retail distribution are very obvi- 
ous: our streets swarm with inconsiderable shops, repetitions of one 
another, and maintained at an enormous aggregate expense. Compe- 
tition has far exceeded the bounds within which it does good, by spur- 
ring industry and inciting emulation ; without regard to the strictly 
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limited wants of a community, shopkeepers begin business in cities and 
towns where overtrading already prevails, and the consequence is loss 
to the investors and demoralization all round. Excessive competition 
has led to a system of giving credit, which supports dishonest debtors 
at industry’s cost, and keeps multitudes of book-keepers, collectors, and 
lawyers employed at the charge of productive. labor. Furthermore, 
under existing methods, the losses to society from adulteration con- 
tinue and increase from year to year. The delusive appearance of 
cheapness is often bought at a ruinous price. Owen used to declare 
that an adulteration of pure long-fiber cotton with but one seventh of 
coarse short staple lessened the wearing value of the fabric one half, 
and, in the paint-trade, sulphate of baryta is largely mixed with white- 
lead, yet the sulphate has no covering power whatever as a pigment, 
and absorbs much valuable oil. The standard of an article, such as 
coffee, sugar, or paint, once lowered by fraudulent admixture, can 
scarcely ever be raised again, as the common run of people are poor 
judges of what they buy, and hesitate to pay the price of a pure and 
sound article, instead of the current price for really inferior wares 
which look as well. 

All this struck some needy flannel-weavers of Rochdale nearly forty 
years ago, and, by weekly subscriptions of twopence each, under the 
name of the “ Equitable Pioneers,” they began a small store for the sale 
of provisions and groceries ; they did not attempt, at first, to sell dry 
goods or other merchandise subject to the caprices of fashion, or the 
equal caprices of a variety of customers, whose tastes might not be 
well judged by the managing committee. These Rochdale weavers 
plainly saw that all that keeps the big shops in a town from com- 
pletely eating up the petty ones is the uncertain and fluctuating char- 
acter of their custom ; so they agreed among themselves to stick to 
their store for what it could sell them, which they could safely do, as 
they managed it honestly and well. Once, too, when their flour-mill 
went badly for a time, they kept on using the ill-made flour until they 
had all put right, showing their confidence in ultimate success by 
cheerfully bearing temporary loss. From twopenny beginnings, the 
Rochdale store has grown until, at the end of 1878, it numbered 
10,187 members, having transacted during the year a business of 
$1,450,000, with a profit of $257,000, the expenses being reduced by 
good management to two per cent. Although the “ Equitable Pioneers ” 
were by no means the first society formed in England *for cotperative 
distribution, yet, as one of the earliest among existing societies, its pre- 
eminent success has made it the model for imitation wherever a new 
society is being established, or it is necessary to rectify the imperfect 
working of a society already in business. The “ History of the Society 
of Equitable Pioneers to 1857,” written by George Jacob Holyoake, 
attracted so much interest that a second era of their history to 1878 
has been given to the world by the same author, who has also written 










744 THE POPULAR SCIENCE MONTHLY. 


the “ History of Codperation,” in two volumes, which all should read 
who wish to know how the movement arose, who labored for it, and 
what its ultimate aims are. 

The rules of the Rochdale society are accepted by the chief expo- 
nents of codperation as being thoroughly wise and judicious. The 
society sells its goods at the current rates charged by retail merchants, 
thus avoiding the direct underselling of shopkeepers, and withholding 
the profits of their system from non-subscribers. Buyers are given 
metal tokens, representing the value of the cash they pay in. Quar- 
terly stock is taken, and the rate of profit ascertained ; then, after pay- 
ing subscribers to capital their interest at five per cent. per annum, 
buyers are paid in cash, or credited in the ledger, as they choose, with 
the amount of their dividends, computed on the tokens brought in. 
The majority of buyers have their dividends credited to them, thus 
virtually establishing a savings-bank account, and affording the soci- 
ety means for the extension of its business. Connected with the store 
are a corn-mill, a shoe-factory, and a soap-factory. 

The capital of the codperative societies is, as a rule, nominally with- 
drawable. As large investments are often made in real estate, machin- 
ery, and other property not readily salable, the necessity has become 
evident that the trading capital of a society should consist in transfer- 
able shares—like those of a joint-stock company—while the deposit 
capital can only be withdrawable at call. Thus an element of stability 
is introduced, which prevents a temporary panic or stress of bad times 
from winding up a really sound society’s business. 

The societies are managed by committees usually elected for a year, 
and annual statements of affairs are required by the Government. To 
watch over the collective interest of the societies, they appointed in 
1870 a Central Codperative Board, with its office in Manchester : this 
body has obtained for codperation all needful legislation, and the re- 
moval as far as possible of obstacles to its right action. The exemp- 
tion of the societies as such from income-tax, the limitation of the 
liability of members for the debts of a society to the sum unpaid upon 
the shares standing in their names, and an easy method of bequeath- 
ing shares without expense, were assured by the Central Committee to 
which the Central Board succeeded. The Board since its formation 
has prepared and published the land, building, and mortgage rules, 
necessary to be observed by societies ; and a series of general business 
rules well thought out and thoroughly tested by experience, whereby 
new associations may avoid the weaknesses and errors which have been 
the causes of cotperative failures in the past. For the further assistance 
of the societies scattered throughout the country, a general secretary 
of legal attainments is engaged to give such legal and practical advice 
as from time to time may be sought. The Central Board has estab- 
lished at Manchester “The Codperative News,” a weekly journal, and 
in addition it circulates broadcast codperative tracts and pamphlets. 
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In 1864 a new and important application of the principle of asso- 
ciation was made in Manchester—a wholesale society was founded, to 
supply some hundred and fifty stores. No more serious difficulty had 
hitherto been met by small new societies than that of buying well. 
Often remote from the great centers of production, and purchasing in 
small quantities through a committee or manager of defective knowl- 
edge of qualities and prices, much hard-earned money was wasted. 
Now, in buying through the Wholesale, a society avails itself of the 
services of expert buyers, who obtain, through their vast purchases, 
goods at the lowest current prices. Stores are not obliged, as they 
used to be, to buy more goods than they immediately require, to reach 
the minimum prices of the market ; hence they can carry on business 
with less capital than they needed formerly. To detect adulterations 
and determine the quality of wares offered to it, the Wholesale Society 
employs an analytical chemist. The business of this vast organization 
now serves more than five hundred societies; it employs buyers in eleven 
towns and cities in England, Ireland, France, and America. Its sub- 
scribed capital is $686,000 ; the shares, which are five pounds sterling 
each, are issued on condition that an affiliated society takes out one for 
each ten members belonging to it, increasing the number annually as 
its members increase. One shilling per share must be paid on applica- 
tion, on which five per cent. interest is allowed ; the remainder can be 
paid up at once, or be paid up by accumulation of dividends and inter- 
est. The sales of the Wholesale Society for the year ending January 
11, 1880, were $13,166,545 ; yet the managers state that these large 
figures could have been more than doubled had all the societies in the 
kingdom been joined to the Wholesale, and had they bought from it all 
the supplies which, with advantage to themselves, they might have 
taken, The Wholesale Society transacts a large banking business, and 
this its best advisers deem should be placed upon a separate footing, 
with its special board of direction. Glasgow has a counterpart to the 
great Manchester establishment—the Glasgow Wholesale Society has 
a connection of one hundred and thirty-seven Scottish societies, and 
during 1879 did a business of $3,066,500. 

As instituted at Rochdale, and in scores of other towns and cities, 
codperation has been intended by its leaders not only to save to the 
working-classes the sums commonly absorbed by the wastes, expenses, 
and profits of ordinary retail trading ; it has been designed to train 
workmen in thrift, in thoughtfulness for the future, and by the grad- 
ual accumulation of capital to enable them either to become self-em- 
ploying, or to own shares in the manufacturing or mining company 
which may engage them. Some of the societies have provision for 
building cottages for members out of the dividends credited to them. 
At Derby and elsewhere hundreds of homes for workingmen have been 
bought in this way. Codperation has diffused much knowledge of 
business, and interest in it, among classes who used formerly to know 
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and care very little about it. The committee and general meetings 
are usually well attended, and often give scope and opportunity to 
ability which might without codperation have lain dormant. Many 
useful suggestions in times of difficulty have been made by men and 
women whose only school has been that of hardship and penury. 

Societies which strictly follow the Rochdale type set apart an- 
nually a portion of their profits for educational purposes, and as a 
result free libraries and news-rooms are attached to some of the larger 
stores ; the love of information, however, is sometimes wanting in a 
society whose constant habit is to declare fat dividends. Such socie- 
ties have averted from them the upward-looking countenances of true 
codperators, who regard the lack of food for the mind as demanding at 
least the ample relief bestowed upon physical hunger. 

The citizens of the great metropolis of England have not been 
ready learners of the men of Rochdale. In the vast extent of London 
workmen usually live at a distance from their workshops and factories, 
and the variety .of industries is so great that the combinability of the 
workmen in a town of moderate size and tolerably uniform manufac- 
turing production finds no parallel in London. Then, too, the varied 
excitements and amusements of the modern Babylon are held to make 
its work-people more volatile than their provincial brethren, and there- 
fore less susceptible of becoming united and working together. What- 
ever may be the causes, the fact remains that codperation scarcely 
exists in London among the poor, and is mainly confined to the vast 
associations of the middle and upper classes. The chief of these con- 
duct the Civil-Service stores, the first of which was founded in 1864 by 
the Post-Office employees. Since 1864 other departments of the Civil 
Service have joined their confréres of the Post-Office, and the business 
transacted at their warehouses has become enormous. The principles 
of the London stores are essentially different from those of the pro- 
vincial ones. In stores of the Rochdale type, capital as such receives no 
share in profits, it obtains only its interest at five per cent. ; in London, 
subscribers to the capital stock of the Codperative Associations need 
not be buyers at all, yet they share in the profits of the business ; the 
plan being to set prices upon the goods sold as much below those of 
ordinary retailers as will enable the working expenses to be paid and 
give a reasonable return to the capital embarked. There is no provi- 
sion in these associations for the accumulation of the sums saved by 
buying of them, and the underselling of the shopkeepers is direct, 
and not indirect, as in the provincial stores, where the current retail 
prices are charged, and the saving comes in the shape of a dividend 
every six or twelve months. The shopkeeping interest has been much 
more resentful of the London stores than of provincial ones. In dis- 
possessing shopkeepers of their business, and subjecting them to hard- 
ship by employing the economical methods of coéperation, the factory 
operatives of Lancashire and Yorkshire had the justification of their 
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pressing needs ; no such justification, however, does the London shop- 
keeper hold that the people of wealth and title have when they desert 
his counter for the Civil-Service stores. He regards his profits as 
inalienable rights, and has at times published plaints on his losses of 
business in the daily press, at once sordid and silly. The Civil-Ser- 
vice Society has been imitated by several large associations among 
the army and navy, the clergy and the Nonconformists, who derive 
many noteworthy advantages from their codperation. United, and 
being able to give life and fire insurance companies large lines of 
business without the usual expense of solicitation, members are en- 
abled to take out policies in companies of standing at a discount. 
Combination, too, has reduced the charges for legal and medical 
advice, and whether in making his will, or having a tooth drawn, or 
having the accouchement of his wife performed, the London codper- 
ator is better off than other men. 

Although the stores, as the cojperative warehouses are called, 
transact but a very small fraction of the retail trade of London, they 
are finding imitators so fast that an entire change in the methods of 
doing business is being brought about. The old way of selling goods 
on credit and charging in prices a percentage large enough to cover 
the loss and expenses entailed by the system can not stand before the 
economy of buying and selling for cash. Then the vast scale of the 
business of the stores enables them to buy on the best terms directly 
from producers and manufacturers, and the charges of rent, taxes, and 
management, are proportionately much less than in small independent 
concerns. The percentage of total expense to business transacted is 
but 5} on an average for all the British societies, and is perhaps some- 
what less in the London stores. Their business is rendered in a large 
measure uniform by being maintained by a known circle of customers 
with wants of a fairly calculable character; and large sums are saved 
by premises not being needed on a street of high rents for chance cus- 
tom’s sake ; and the stores do not require to expend, when once estab- 
lished, anything for advertisements or other solicitation. The chief 
retail streets of London contain frequent announcements of “ Cotp- 
erative prices,” “Discounts for cash,” and “ Discounts increasing 
with the extent of a purchase ”—all evidencing attempts to employ 
the economical features of codperation by firms competing with the 
stores. 

No coéperator, however sanguine, believes that the stores will 
eventually supersede all retail shops. Taste and skill will always 
secure independence, and a better reward than falls to the lot of those 
who supply in an ordinary unexcellent way the general wants of their 
customers. An artistic cabinet-maker or upholsterer, as well as a really 
good tailor or shoemaker, will never need to offer discounts to retain 
business ; but all the many things which one factory can turn out as 
well as another, or one importer can buy with as much facility as his 
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neighbor, must inevitably be distributed, as the struggle for the means 
of existence grows sharper, with the greatest economy possible. The 
pleasures of shopping may lose some of their attraction when the cost 
of keeping up shops depending upon chance custom becomes under- 
stood, and when the managers of stores undergo such evolution as to 
enable them to display their goods with taste and effect. Some of the 
great English stores look as if all inducing to purchase by tasteful 
appeals to the eye were among the things to be left behind. 

The stores have drawn attention to a principle which may yet find 
wide development—the organization of supply and demand, so that 
the uncertainties and difficulties of modern business may be made less 
oppressive than they are now felt to be. When a particular retail 
store has its permanent body of purchasers whose money conducts the 
concern, stocks of goods can be laid in with little of the doubt and 
uncertainty which must vex the ordinary shopkeeper and subject him 
to inevitable loss; the same principle leads to yet further economy 
when, as at Manchester, a wholesale society supplies a stated and large 
number of stores for their fairly predictable wants. A steadying of 
the fluctuations of production would occur were wholesale societies 
federated to manufacturing and importing societies ; the whole series 
conferring mutual benefits among the members, and depriving the 
speculator, the corner-maker, and the fraudulent bankrupt of their 
spoils. Such is the ideal of cojperation, to which at a distance, toil- 
some indeed, its leaders are endeavoring to come in practice. Could 
the codperative principle by the integrity and stability of a people 
spread throughout its trade, the perplexities and losses of business 
would be enormously reduced. The area over which a merchant’s cus- 
tomers are now scattered usually prevents him from knowing much of 
their personal characters or circumstances. Competition, with its too 
cheap credit, has made it rarely possible for a wholesale merchant or 
manufacturer to ask his customer upon what grounds he should be 
trusted. The knowledge which in olden times used to be directly 
sought between man and man is now usuaily obtained through irre- 
sponsible commercial agencies, which, however honestly and ably 
managed, can not and should not take the place of direct inquiry of a 
trader seeking credit by the merchant or manufacturer who trusts 
him. The intermediation, too, of the commercial traveler, who does 
so much of the business of to-day, weakens the sense of responsibility 
felt at its height when merchant and customer meet face to face ; and 
the extent of bankruptcy within recent years has undoubtedly been 
widened by the constant and undue solicitation to buy on the part of 
these commercial travelers, who are interested more in effecting large 
sales than in ascertaining the soundness of their customers. 

The extension of railroads and other means of travel and transpor- 
tation, by increasing the mutual invasion by merchants of each other’s 
territory, has had the effect of making constant and expensive solicita- 
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tion necessary to the maintenance of a “connection.” The good will 
of a business year by year declines in value in the market. In some 
measure needless competition arises from the improved modern facili- 
ties of locomotion by virtue of a curious illusion : merchants and manu- 
facturers seem to think that the mere aggregation of the small districts 
in which business was done in the past increases the area of the total 
market, as if taking down fences affected the aggregate acreage of 
contiguous farms. If the factories and warehouses engaged in the 
supply of the home market were distributed throughout Great Britain 
in sections of equal population, their over-supply would be plain. 

For all the baffling difficulties which the enlargement of the area 
of trade has introduced into business, and all the parasitical expenses 
which have fastened themselves upon it, codperation offers a remedy— 
a remedy, however, only to be applied as intelligence and trustworthi- 
ness advance. The costly war and waste of isolated competition are 
signs and tokens that men can not trust each other, and have not mu- 
tual forbearance enough to combine for common ends in securing for 
themselves competence and content. 

The leaders of English codperation, while busily engaged in for- 
warding their plans of distribution, are constantly striving to apply 
their principles to the more important field of production. If the iden- 
tification of the interests of buyer and seller is fraught with advantage, 
still greater advantage awaits the successful fusion of the interests of 
capital and labor. Up to the present time, however, the experiments 
in this direction have not been promising, and the case of production 
now seems to stand where the case of distribution did forty or fifty 
years ago. Workmenare not educated up to it yet ; neither, it would 
seem, are the men of capital. The Messrs. Briggs, at their Whitewood 
collieries, divided for several years a percentage of their profits among 
their employees, leaving for their own share a sum larger than they 
believed would have come to them under the usual system of hiring. 
A plan similar to that of the Messrs. Briggs has been followed by 
Messrs. Fox, Head & Co., at Middleborough. Another method adopted 
extensively in Yorkshire and Lancashire is for workmen to invest their 
savings in shares of joint-stock manufacturing companies. The vast 
business now conducted by codperative stores has in some measure 
opened up a path for codperative manufacturing, but to an extent very 
limited in proportion to the business transacted, and in a manner very 
remote from perfect cojperation. At the Leicester shoe-factory and 
elsewhere the workmen are hired for wages, just as ordinary capitalists 
hire, and have no share in profits. The difficulties of managing a store 
are not few, but they are far less troublesome than conducting pro- 
duction on purely codperative principles. When every workman in a 
concern has a voice and vote, in the present state of morals and intelli- 
gence, the disputes are interminable as to their respective rates of pay- 
ment, the proportions of profit which shall be divided between capital, 
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labor, and buyer, and the general policy of the business. Many codp- 
erative workshops have through these disputes failed miserably, and 
either fallen into individual hands or been converted into joint-stock 
companies. These failures of codperative production have done some- 
what to allay the bitterness of class-feeling among workmen toward 
their employers. They find how rare really good business ability is, 
and how necessary to success it is. They find that it is requisite at 
times to guard intentions secretly, and to practice a boldness quite im- 
possible when hundreds of interests exist to be consulted, timid about 
deputing full powers either to managers or committees. 

Workmen who have toiled to save a few pounds, and have lost 
them in a codperative workshop, have awakened to the fact that the 
gains of the capitalist are not merely interest on his money, but also 
payment for the exercise of his judgment, foresight, and executive abil- 
ity, without which his wealth, however great, would fast melt away in 
the strifes of business. It is true that codperation seeks to abolish 
many of the hazards which make modern business require unusual 
talent for its management ; judgment will be relieved from many 
questions when credit is curtailed, and consumers are federated to a 
factory conducted by their own capital and directors ; yet in the actual 
present, while codperation still remains in its infancy, the existing con- 
ditions of competition beset capitalists with difficulties of which only 
experience has made workmen aware. 





i MODERN ASPECTS OF THE LIFE-QUESTION.* 


By Proressorn GEORGE F. BARKER. 


The number of roots in our equation of life increases the difficulty of solving 
it, but by no means permits the acceptance of the lazy assumption that it is 
altogether insoluble or reduces a sagacious guess to the level of the prophecy of 
a quack.—Havenrton. 


HE discovery of new truth is the grand object of scientific work. 
The exultation of feeling which comes from the possession of a 

fact, which now, for the first time, he makes known to men, must ever 
be the reward of the scientific worker. As investigators and as stu- 
dents of science we are met here to-day at this our annual session. 
Each of us during the past year has been endeavoring to push out- 
ward further into the unknown, the boundary of present knowledge. 
When, therefore, we thus meet together, it is fitting that, from time 
to time, our attention should be called to the progress which has been 


* Address of the retiring President of the American Association for the Advancement 
of Science, delivered at the Boston meeting, August 25, 1880. 
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made along some one of the various lines of research, and to the mile- 
stones which mark the epochs of advance along the way which science 
has traveled. Moreover, we may profitably sum up at such times the 
work done in particular directions, and encourage ourselves with pro- 
spective and retrospective glances. In these summings up, however, 
a difficulty arises. The range of modern scientific thought includes 
an immense area. The field of knowledge is already so vast that, 
seen from the vertical distance necessary to make a wide survey, that 
small portion of it which is familiar to any one individual is scarcely 
visible. In consequence, to use a mechanical figure, the solid contents 
of a man’s acquirements being given, the depth thereof is inversely as 
the area covered. He, therefore, who undertakes to speak even for 
one single department of science distributes his stock of knowledge 
over so broad a surface that in places it must become dangerously thin. 
It is, therefore, with a very keen sense of the temerity involved in the 
undertaking that I ask your attention, during the hour allotted me, to 
some points which appear to me to have been recently gained in the 
discussion of the question of life. 

My friend and predecessor, Professor Marsh, opened his excellent 
address at Saratoga with the question, “What is Life?” In a some- 
what different sense I too ask the same question. But I fear it is only 
to echo his reply, “The answer is not yet.” The result, however, can 
not long be doubtful. “A thousand earnest seekers after truth seem 
to be slowly approaching a solution.” And, though the ignis fatuus 
of life still dances over the bogs of our misty knowledge, yet its true 
character can not finally elude our investigation. The progress already 
made has hemmed it in on every side ; and the province within which 
exclusively vital acts are now performed narrows with each year of 
scientific research. 

What now are we to understand by the word “ Life” in this dis- 
cussion? A noteworthy parallel is disclosed in the progress of human 
knowledge between the ideas of life and of force. Both conceptions 
have advanced, though not with equal rapidity, from a stage of com- 
plete separability from matter to one of complete inseparability. Life 
is now universally regarded as a phenomenon of matter, and hence, of 
course, as having no separate existence. But there still exists a cer- 
tain vagueness in the meaning of the term “life.” Two distinct senses 
of this word are in use ; the one metaphysical, the other physiological. 
The former, synonymous with mind and soul, at least in the higher 
animals, has been evolved from human consciousness; the latter has 
arisen from a more or less careful investigation of the phenomena of 
living beings. It need scarcely be said that it is in the sense last men- 
tioned that the word “life” is used in science. The conception rep- 
resents simply the sum of the phenomena exhibited by a living being. 

Moreover, the progress which has been made in the solution of the 
life-question has been gained chiefly by investigation of special func- 
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tions. But the functions of a vital organism are themselves vital. 
What, then, is the meaning of “vital” as applied to a function? 
Fortunately, the answer is not difficult. “ Life,” says Kiiss, the dis- 
tinguished Strasburg physiologist, “is all that can not be explained 
by chemistry or physics.” Guided by such a definition the work of 
the physiological investigator is simple. He has only to test each sepa- 
rate operation which he finds going on in the organism, and to declare 
whether it be chemical or physical. If it be either, then, since each 
function is non-vital, the entire organism must be non-vital also. Hun- 
dreds of able investigators, provided with the most effective appliances 
of research, are now in full cry after the life-principle. Naturally, a 
vast amount of collateral knowledge is accumulated in the process. 
The quantitative as well as the qualitative relations of things are fixed 
and many important facts are collected. 

With the object in view thus clearly defined, we are not surprised 
that great progress has been made. A vital process, like the catalytic 
ones of the older chemistry, was found by such research to be simply 
a process which, for want of sufficient investigation, is not yet under- 
stood. While therefore, undoubtedly, much work yet remains to be 
done in the realm still called vital, the prophetic vision is already 
bright which will witness the last traces of inexplicable phenomena 
vanish and the words expressing them relegated to the limbo of the 
obsolete. 

As a first result of recent work, the living organism has been 
brought absolutely within the action of the law of the Conservation of 
Energy. Whether it be plant or animal, the whole of its energy must 
come from without itself, being either absorbed directly or stored up 
in the food. An animal, like a machine, only transforms its energy. 
Lavoisier’s Guinea-pig placed in the calorimeter gave as accurate a 
heat-return for the energy it had absorbed in its food as any thermic 
engine would have done. But the parallel goes further. The me- 
chanical work of an engine is measured by the loss of its heat and not 
of its substance. So the mechanical or intellectual work of a living 
being is measured by the amount of food rather than the amount of 
tissue which is burned. The energy evolved daily by the human body 
would raise it to a height of about six miles. 

But, besides heat, work may be the outcome of the organism ; and 
this through the agency of the muscles. Their absolute obedience to 
mechanical law in their mode of action has been admirably established 
by Haughton. The work a muscle does, it does in contracting. It 
is to the mechanism of muscle-contraction that we are indebted for 
another illustration of our subject. 

When work is done by a muscle in contracting, three changes are 
observed to take place in its tissue: First, there is a loss of its electric 
tension ; second, there is an evolution of heat in it ; and, third, carbon 
dioxide appears there, and its reaction, before neutral, becomes acid. 
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Matteucci was the first to observe and to call attention to the 
remarkable similarity, in structure and in the mechanism of operation, 
between striated muscular fiber and the electric organ of certain fishes. 
Recently, Marey has repeated and extended his observations. In 
structure, the electric organ is made up, like the muscle, of columnar 
masses each separable transversely into vesicular sections. In a tor- 
pedo weighing seventy-three pounds, there were 1,182 of these col- 
umns, with 150 sections, on an average, in each. In the muscles 
which bend the forearm, there are 798,000 fibrille. As to the mech- 
anism, alike in muscle and in electric organ, an electric current stimu- 
lates action on opening and on closing the circuit, but not when it is 
flowing ; the same phenomena take place in both with the direct and 
with the inverse current ; both are reflex ; stimulation of the electric 
nerve produces discharge, as that of the motor nerve causes muscular 
shock; an entire paralysis follows nerve-section ; curare paralyzes 
both ; and tetanus results in both from rapid currents or from strych- 
nine. 

Still more striking analogies are furnished by the investigation of 
the susurrus or muscular sound, first noticed in 1809 by Wollaston. 
This sound is produced by all muscles when in the state of contraction, 
the pitch of the note being not far from thirty vibrations per second. 
It is evidently only the intermittent discharge of the muscular fiber. 
A single excitation produces a muscular shock. As this production 
requires from eight to ten hundredths of a second, it is evident that, if 
another stimulus be applied before the first has disappeared, the two 
will coalesce ; and when twenty per second reach the muscle it becomes 
permanently contracted or tetanized. By means of a very sensitive 
myograph, Marey has found that in voluntary contraction the motor 
nerves are the seats of successive acts, each of which produces an ex- 
citation of the muscle. In 1877 Marey examined similarly the dis- 
charge of the torpedo, and found a most complete correspondence be- 
tween it and muscular contraction. Since electric tension disappears 
from a muscle during contraction, is not the evidence conclusive that 
muscular contraction, like the discharge of the electric organ of the 
torpedo, is an electrical phenomenon ? 

Granting electric discharge to be the cause of muscle-contraction, 
what is its origin? That it is not carried to the muscle by the nerves 
follows from the fact that a muscle will still contract when deprived 
of all its nerve-fibers. It must therefore be generated within the mus- 
cle itself. To reach a solution of the problem we must obviously fol- 
low the analogies of its production elsewhere. 

Perhaps no single question in physics has been more keenly dis- 
cussed than this one of the origin of electric charge. The memorable 
conflict between Galvani and Volta, between animal electricity and 
the electricity of metallic contact, succeeded by the even more tri- 
umphant overthrow of the latter and the establishment ultimately by 
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Faraday of the electro-chemical theory—these are facts fresh in all 
our memories. The justice of time, however, in this case, if it has been 
tardy, has been none the less sure. The experiments of Thomson have 
vindicated Volta and established the contact theory as a vera causa. 
And, more curiously still, it now appears to be proved that both con- 
tact and chemical action underlie the production of that very animal 
electricity so stoutly battled for by Galvani and his associates. 

Volta’s experiments to prove that a difference of potential is de- 
veloped by the contact of two heterogeneous metals were not crucial. 
But Thomson, repeating them with the aid of more delicate apparatus, 
has shown that, whenever copper and zine are brought in contact, the 
copper becomes negative to the zinc. In proof that the chemical action 
of atmospheric moisture was not the cause of the phenomenon, he 
showed that, when a drop of water served to connect the copper and 
the zinc, no charge at all was produced. The fact may therefore be 
regarded as established, as the result of numerous and varied experi- 
ments, that a difference of electrical potential is always developed at 
the surfaces of contact of heterogeneous media. Not only is this true 
of solids in contact with solids, but also of solids in contact with 
liquids, and of liquids in contact with each other. Of course, the pro- 
duction of electricity by contact must result from a loss of energy else- 
where. In the opinion of Cumming, it is the loss of energy which is 
owing to the unsymmetrical swinging of the molecules on the two sides 
of the surfaces of contact, which reappears as difference of potential 
between the solids or as the energy of electrical separation. 

But we may carry the sequence yet another step backward. The 
energy which is thus lost at the surfaces of separation must be heat, 
and this junction must be cooled thereby. Thus the production of 
thermo-electricity is seen only to be a special case of a general law, a 
view to which the well-known Peltier effect gives support. In this 
phenomenon, when two metals are joined together in the form of a 
ring and one junction is heated, a current is produced which cools the 
other junction. From a study of these conditions, Thomson has con- 
cluded that the absorption of heat in a thermo-electric circuit varies 
for different metals with the direction of the current. Thus in iron, 
the current from hot to cold absorbs heat, while in copper the current 
which absorbs heat is from cold to hot. In entire accordance with 
these results are the conclusions recently reached by Hoorweg. When- 
ever two conductors come into contact, motion of heat results in the 
development of electricity, the current produced existing at the cost 
of heat at one part of the point of contact, and evolving heat at the 
other for a result. Hence all voltaic currents are thermo-currents. 

To return to the muscle, it must now be apparent that the electrical 
charge which appears in its fiber may have its origin in so purely a 
physical cause as the contact of the heterogeneous substances of which 
the tissue is built up; the maintenance of this charge being effected 
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by chemical changes going on constantly in the substance of the mus- 
cle, by which the carbon dioxide is produced, which is shown to be a 
measure of the work done. 

Conceding, now, that muscular contraction is of the nature of an 
electric discharge, by what mechanism is the contraction effected? <A 
string of electrified masses, like a muscular fibril, would seem at first 
to oppose the view now advanced. Such a row of particles would in- 
deed attract each other when electrified and shorten the length of the 
whole. But the force of contraction would increase as the length 
diminished ; whereas the fact in the case of the muscle is precisely 
the reverse. Two theories have been advanced to account for the 
result. The first, proposed by Marey, likens the muscular fiber to a 
string of india-rubber which, when stretched, contracts upon the ap- 
plication of heat, thus transforming heat directly into work. The 
other, brought forward and strongly supported by Radcliffe, explains 
contraction by direct electric charge. Each fiber of the muscle to- 
gether with its sheath constitutes a veritable condenser, the charge 
upon the exterior being positive and upon the interior negative. When 
a charge is communicated to the fiber, lateral compression results from 
the attraction of the electricities of opposite name, and, since the vol- 
ume remains constant, elongation is the consequence—precisely as a 
band of caoutchouc, having strips of tin-foil upon its sides, may be 
shown to elongate when charged like a condenser. In this view of the 
matter the normal condition of the muscle is one of charge, of elonga- 
tion. Contraction results from the simple elasticity of the muscle 
itself, the function of the nerve being only that of a discharger. 
Whether this theory represents the actual fact or not, in all its details, 
it is supported by the existence of rigor mortis, by the continued rel- 
axation of muscle during the flow of the current, by the cessation of 
contraction on the free access of blood, and by many other phenomena 
otherwise difficult to explain. 

From this brief review, does it not seem probable that the phe- 
nomenon of muscular contraction may be satisfactorily accounted for 
without the assumption of “ vital irritability,” so long invoked? May 
it not be conceded that the theory that muscular force has a purely 
physical origin is at least as probable as the vital theory ? 

Time would fail me to discuss the many other phenomena of the 
living body which have been found on investigation to be non-vital. 
Digestion, which Prout said it was impossible to believe was chemical, 
is now known to take place as well without the body as within it, and 
to result from non-vital ferments. Absorption is osmotic, and its se- 
lective power resides in the structure of the membrane and the diffu- 
sibility of the solution. Respiration is a purely chemical function. 
Oxyhzmoglobin is formed wherever hemoglobin and oxygen come in 
contact, and the carbon dioxide of the serum exchanges with the oxy- 
gen of the air according to the law of gaseous diffusion, Circulation 
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is the result of muscular effort both in the heart and the capillaries, 
and the flow which takes place is a simple hydraulic operation. Even 
coagulation, so tenaciously regarded as a vital process, has been shown 
to be purely chemical, whether we adopt the hypothesis of Schmidt 
that it results from the union of two proteids, fibrinogen and fibrino- 
plastic substance, or the later theory of Hammarsten, that fibrine is 
produced from fibrinogen by the action of a special ferment. 

One function yet remains which can not be altogether omitted from 
our consideration. This function is that of the nervous system. In 
structure, this system is well known to us all. In composition, it is 
made up essentially of a single substance, discovered by Liebreich and 
called protagon, the specific characters of which have lately been con- 
firmed by Gamgee. In function, the nerve-cell and the nerve-fiber are 
occupied solely in the reception and the transmission of energy, which 
is in all probability electrical. There is evidently a close analogy be- 
tween the nerve and the muscle, the axis cylinder like the fibrilla being 
composed of cells, and having a positive electric charge upon the exte- 

_rior surface,'which has a tension of one tenth of a volt. Haughton 
attributes tinnitus aurium to the discharge of nerve-cells. 

The only objection raised to the electrical character of nerve-energy 
is based upon its slow propagation. Though thirty years ago Johannes 
Miller predicted that the velocity of nerve transmission never could 
be measured, yet Helmholtz accomplished the feat very soon after- 
ward. His results, like those of subsequent experimenters, show that 
the velocity of propagation of the nervous influence along a nerve, like 
that of electric transmission, is only about twenty-six to twenty-nine 
metres in a second. But it should be borne in mind, as Lovering has 
pointed out, that electricity has no velocity, in any proper sense ; that, 
since the appearance of an electrical disturbance at the end of a con- 
ductor depends upon the production of a charge, the time of this 
appearance will be a joint function of the electrostatic capacity of the 
conductor and of its resistance. Since each of these values is directly 
proportional to length, it follows that the time of transmission will 
vary as the square of the length of the conductor. While, therefore, 
in Wheatstone’s experiment, he found that electricity required rather 
more than one millionth of a second to pass through one quarter of a 
mile of wire, it does not follow that it would traverse 288,000 miles in 
one second, as he assumed. Indeed, as Lovering has shown, its actual 
velocity would be only two hundred and sixty-eight miles in an entire 
second. Hence the marvelous discrepancies which have been observed 
in the results of experiments made to determine the velocity of elec- 
tricity on long wires are explained. 

In the nerve ‘itself, therefore, the velocity of transmission may be 
supposed to be the less as its resistance is greater. Now, Weber has 
shown that animal tissues in general have a conductivity only one 
fifty-millionth of that of copper. And Radcliffe found that a single 
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inch of the sciatic nerve of a frog measured 40,000 ohms, a resistance 
eight times that of the entire Atlantic cable. In experimenting to 
confirm the above law of velocity, Gaugain measured the time of 
transmission of the electric current through a cotton thread 1°65 me- 
tre long, and found it to be eleven seconds. Two similar threads 
placed consecutively, thus forming a conductor twice as long, required 
forty-four seconds for the passage of the current, or four times as long. 
From these data the velocity in the short thread is at the rate of only 
0°15 metre in one second ; and in the long one only about half this 
rate, of course. Hence the fact that the energy of nerve moves at the 
rate of only twenty-eight metres per second is really no proof that it is 
not electricity. 

The higher functions of the nerve-cell, those connected with men- 
tal processes, is a field too vast to be entered at this time. The double 
telegraph line of nerve, motor and sensor in their effect, but, as Vul- 
pian has proved, precisely alike in function, are the avenues of ingress 
and egress. Every sensory impression is received by the thalami op- 
tici ; every motor stimulus is sent out from the corpora striata, In 
the acts denominated reflex, the action goes from the spinal cord and 
is automatic and unconscious. Should the impression ascend higher 
to the sensory ganglia, the action is now conscious, though none the 
less automatic. Finally, should. deliberation be required before act- 
ing, the message is sent to the hemispheres by the sensory ganglia, 
and will operates to produce the act. Based on principles which can 
be established by investigation, a true psychology is coming into being, 
developed by Bain, Maudsley, Spencer, and others. A physiological 
classification of mental operations is being formed which uses the 
terms of metaphysical psychology, but in a more clearly defined sense. 
Emotion, in this new science, is the sensibility of the vesicular neurine 
to ideas—memory, the registration of stimuli by nutrition. Reflection 
is the reflex action of the cells in their relation to the cerebral ganglia. 
Attention is the arrest of the transformation of energy for a moment. 
Ratiocination is the balancing of one energy against another. Will is 
the reaction of impressions outward. And so on through the list. 

Among the physical aspects of the mind-question, the problem of 
the quantitative changes which take place in the organism is a very 
curious and interesting one. That the energy of the brain comes from 
the food will be disputed by no one in these days. Hence, the brain 
must act like a machine and transform energy. There is, then, a pure- 
ly physiological representation of mental action, concerned with forces 
which are known and measurable. ‘The researches of Lombard long 
ago showed the concomitant heat of mental action. Recent researches 
are equally interesting, which show that mental operations are not in- 
stantaneous, but require a distinct time for their performance. By 
accurate chronographic measurement, Hirsch has shown that an irrita- 
tion on the head is answered by a signal with the hand only after one 
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seventh of a second ; that a sound on the ear is indicated by the hand 
in one sixth of a second ; and that, when light irritates the eye, one 
fifth of a second elapses before the hand moves. The mechanism of 
such a process is the following : Suppose the sound “A” is heard by 
the ear. After a latent period it is translated to some nerve-cells and 
hence to the brain. From the brain it goes to other cells, ganglion- 
cells, and to other nerves, and then to the different muscles of the 
chest and larynx, and then follows the audible response “A.” Now, 
since this whole process requires only one sixth of a second, the ques- 
tion arises, How much of it is psychical? To answer it, the experi- 
ment is repeated, but with this difference, that the particular sound to 
be used is unknown to the experimenter. Before the sound can be 
repeated by him, therefore, a distinct act of discrimination is required, 
and the time taken is longer. Calling the time in the first experiment 
a, and in the second 4, the difference 6—a is the time required for two 
distinct actions ; one, that of distinguishing the sound, and the other, 
that of willing the corresponding movement. If, now, it be agreed 
that only the sound “A” shall be responded to when called, these may 
be separated, since, no other sound being responded to, the latter action 
is eliminated. If the time now required be called ¢, the difference 
c—a represents the time required for forming a judgment, and c—d 
the time required for a volition. In making these measurements, Don- 
ders used an instrument devised by him, called a noémotachograph, 
and also a modification of it, called a noémotachometer. By these in- 
struments different points of the body can be irritated, different sounds 
can be produced, and different colors or letters can be shown, all by 
the electric spark. By subtracting the simple physiological time from 
the time given in any experiment, the time necessary for recognition 
may be obtained. By an addition to the apparatus, a second stimulus 
may be made to follow the first, either on the same or on a different 
sense, thus enabling the time necessary for a simple thought to be de- 
termined. As a result of his experiments, Donders found that the 
value J—a in the case of a simple dilemma was seventy-five thou- 
sandths of a second, this being the time required for recognition and 
subsequent volition. In the same way c—a has been shown to be 
forty thousandths of a second, being the time required for simple rec- 
ognition ; there are left thirty-five thousandths of a second as the time 
required for volition. Moreover, by independent measurement with 
the noémotachometer, exactly the same time, one twenty-fifth of a 
second, is found necessary to enable a judgment to be formed about 
the priority of two impulses acting on the same sense. If they act on 
different senses, more time is necessary. So, also, more time’is re- 
quired to recognize a letter by seeing its form than by hearing its 
sound. A man of middle age, then, thinking not so very quickly, re- 
quires one twenty-fifth of a second for a simple thought. 

Another important fact concerning nervous action is that its amount 
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may be measured by the quantity of blood consumed in its perform- 
ance. Dr. Mosso, of Turin, has devised an apparatus called the ple- 
thysmograph—drawings of which were exhibited at the London Ap- 
paratus Exhibition of 1876—designed for measuring the volume of an 
organ. The forearm, for example, being the organ to be experimented 
on, is placed in a cylinder of water and tightly inclosed. A rubber 
tube connects the interior of the cylinder with the recording apparatus. 
With the electric circuit, by which the stimulus was applied to pro- 
duce contraction, were two keys, one of which wasa dummy. It was 
noticed that, after using the active key several times, producing vary- 
ing current strengths, the curve sank as before on pressing down the 
inactive key. Since no real effect was produced, the result was caused 
solely by the imagination, blood passing from the body to the brain in 
the act. To test further the effect of mental action, Dr. Pagliani, 
whose arm was in the apparatus, was requested to multiply 267 by 8, 
mentally, and to make a sign when he had finished. The recorded 
curve showed very distinctly how much more blood the brain took to 
perform the operation. Hence the plethysmograph is capable of mea- 
suring the relative amount of mental power required by different per- 
sons to work out the same mental problem. Indeed, Mr. Gaskell 
suggests the use of this instrument in the examination-room, to find 
out, in addition to the amount of knowledge a man possesses, how 
much effort it causes him to produce any particular result of brain- 
work. Dr. Mosso relates that, while the apparatus was set up in his 
room in Turin, a classical man came in to see him. He looked very 
contemptuously upon it and asked of what use it could be, saying that 
it couldn’t do anybody any good. Dr. Mosso replied, “ Well, now, I 
can tell you by that whether you can read Greek as easily as you can 
Latin.” As the classicist would not believe it, his own arm was put 
into the apparatus and he was given a Latin book to read. A very 
slight sinking of the curve was the result. The Latin book was then 
taken away and a Greek book was given him. This produced, imme- 
diately, a much deeper curve. He had asserted before that it was 
quite as easy for him to read Greek as Latin, and that there was no 
difficulty in doing either. Dr. Mosso, however, was able to show him 
that he was laboring undera delusion. Again, this apparatus is so 
sensitive as to be useful for ascertaining how much a person is dream- 
ing. When Dr. Pagliani went to sleep in the apparatus, the effect 
upon the resulting curve was very marked indeed. He said afterward 
that he had been in a sound sleep, and remembered nothing of what 
passed in the room—that he had been absolutely unconscious ; and 
yet, every little movement in the room, such as the slamming of a door, 
the barking of a dog, and even the knocking down of a bit of glass, 
were all marked on the curves. Sometimes he moved his lips and gave 
other evidences that he was dreaming ; they were all recorded on the 
curve, the amount of blood required for dreaming diminishing that in 
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the extremities. The emotions, too, left a record. When only a stu- 
dent came into the room, little or no effect appeared in the curve ; 
but, when Professor Ludwig himself came in, the arteries in the arm 
of the person in the apparatus contracted quite as strongly as upon a 
very decided electrical stimulation. 

In an address of the retiring President of this Association, deliv- 
ered but a few years ago, I find this sentence: “ Thought can not be 
a physical force, because thought admits of no measure.” In the light 
of the rapid advances lately made in investigating mental action, we 
see that in two directions at least, in its rate of action and of its rela- 
tive energy, we may already measure thought, as we measure any 
other form of energy, by the effects it produces. 

Passing now to the consideration of the general question of the 
transformation of energy which is effected by living beings, attention 
may be called to one or two points in general physics, as bearing upon 
its solution. The great law of the dissipation of energy, as modified 
by Thomson from the statement of Clausius, is thus stated: “The 
entropy of the universe tends to zero.” In other words, the energy of 
the universe available for transmutation is approaching extinction. 
This conclusion is based upon the fact that while every form of energy 
can be completely converted into heat, heat can not be completely 
converted into other forms of energy, nor these into each other. 
Hence it arises that energy is being gradually dissipated as heat. 
Moreover, since transformation can only result when heat passes from 
a higher to a lower temperature, it follows that, when that perfect 
equilibrium of temperature is reached toward which events are tend- 
ing, there can be no other energy than heat, and this absolutely 
inconvertible, irrecoverable. To apply this law to the present case, 
the muscle, for example, is a machine for transforming the energy of 
food into work. Since, consequently, this conversion is not complete, 
it follows that heat must appear as a necessary result of muscular 
action. The heat of animal life, consequently, is not heat especially 
provided ; it is simply the heat which inevitably results from an in- 
complete conversion of energy. 

Again, the form of chemical action thus far assumed by physiolo- 
gists to account for the energy of the living animal has been combus- 
tion. But the science of thermo-chemistry, as developed in late years 
by Berthelot and Thomson, has proved that direct union of chemical 
substances may not only not evolve heat, but may actually absorb it. 
It appears, too, that thermal changes accompany all forms of chemical 
change, those of decomposition and exchange as well as those of syn- 
thesis. The animal absorbs highly complex substances as food, ca- 
pable of innumerable stages of retrogressive metamorphosis before 
elimination. In each of these stages heat is evolved, being the energy 
successively stored up by the plant when it repeated these stages in 
the inverse order. 
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Another point of interest has reference to the modern views of 
capillarity. In 1838 J. W. Draper showed that capillarity is an elec- 
trical phenomenon. Quite recently, Lippmann has developed and ex- 
tended this view and fully confirmed it. Whenever the free surface 
of a liquid, curved by capillary action, is electrified it changes its form ; 
and conversely, when such a surface is made by mechanical means to 
change its form, an electromotive force is developed. Based upon 
this principle Lippmann constructed a capillary reversible engine and 
an extremely sensitive capillary electrometer. The former, when a 
current of electricity was applied to it, developed mechanical work 
and ran as a motor. When turned by hand, it became an electro- 
motor. In the animal organism there are it is true but a few free sur- 
faces where this action can take place. But Gore has shown that the 
same phenomenon appears between two liquids in contact, their boun- 
dary being altered in character by electrification. Indeed, when we 
consider the production of electricity by osmose, and of heat and elec- 
tricity both by imbibition, both capillary phenomena, the wonder is 
not that so much energy is evolved by the organism, but that it is so 
little. If the physical and chemical changes which take place within 
the body took place without it, there would be an abundant evolution 
of energy. Can we doubt that these changes are the cause of the 
energy exhibited by the organism ? 

Thus far, when we have spoken of a living being, we have had 
reference to the organism as a whole, and this of a rather complex 
kind. In this view of the case, however, we find that biological 
microscopists do not agree with us. “The cell alone,” says Kiss, “is 
the essentially vital element.” Says Beale : “ There is in living matter 
nothing which can be called a mechanism, nothing in which structure 
can be discerned. A little transparent, colorless material is the seat of 
these marvelous powers or properties by which the form, structure, 
and function of the tissues and organs of all living things are deter- 
mined.” And again, “ However much organisms and their tissues im 
their fully formed state may vary as regards the character, properties, 
and composition of the formed material, all were first in the condition 
of clear, transparent, structureless, formless living matter.” So Ran- 
vier : “Cellular elements possess all the essential vital properties of 
the complete organism.” And Allman, in his address as President of 
the British Association last year, is still more explicit. “ Every living 
being,” he says, “ has protoplasm as the essential matter of every liv- 
ing element of its structure. . . . No one who contemplates this spon- 
taneously moving matter can deny that it is alive. Liquid as it is, it 
is a living liquid ; organless and structureless as it is, it manifests the 
essential phenomena of life. . . . Coextensive with the whole of organic 
nature—every vital act being referable to some mode or property of 
protoplasm—it becomes to the biologist what the ether is to the physi- 
cist.” From these quotations it would seem that even in the highest 
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animal there is nothing living but protoplasm or germinal matter, 
“transparent, colorless, and, as far as can be ascertained by examina- 
tion with the highest powers of the microscope, perfectly structure- 
less. It exhibits these same characters at every period of its exist- 
ence.” Neither the contractile tissue of the muscle, the axis-cylinder 
of the nerve, nor the secreting cell of the gland, is living, according to 
Beale. Hence it would be fair to draw the inference that no vital 
force should be required to explain the phenomena of the non-living 
matter of the body, such as the contraction of the muscle or the func- 
tion of the nerve. If this be conceded, it is a great point gained ; 
since the phenomenon of life becomes vastly simplified when we have 
to account for it only as exhibited in this one single form of living 
matter, protoplasm. In describing its properties, Allman includes this 
remarkable mobility, these spontaneous movements, and says: “ They 
result from its proper irritability, its essential constitution as living 
matter. From the facts there is but one legitimate conclusion, that 
life is a property of protoplasm.” Beale, however, will not allow that 
life is “a property” of protoplasm. “It can not be a property of 
matter,” he says, “ because it is in all respects essentially different in 
its actions from all acknowledged properties of matter.” But the 
properties of bodies are only the characters by which we differentiate 
them. Two bodies having the same properties would only be two 
portions of the same substance. Because life, therefore, is unlike 
other properties of matter, it by no means follows that it is not a prop- 
erty of matter. No dictum is more absolute in science than the one 
which predicates properties upon constitution. To say that this prop- 
erty exhibited by protoplasm, marvelous and even unique though it 
be, is not a natural result of the constitution of the matter itself, but 
is due to an unknown entity, a tertium quid, which inhabits and con- 
trols it, is opposed to all scientific analogy and experience. To the 
statement of the vitalist that there is no evidence that life is a prop- 
erty of matter, we may reply with emphasis that there is not the 
slightest proof that it is not. 

Chemistry tells us that complexity of composition involves com- 
plexity of properties. The grand progress which organic chemistry has 
made in recent times has been owing to the distinct recognition of the 
influence of structure upon properties. Isomerism is one of its most 
significant developments. The number of possible isomers increases 
enormously with the complexity of the molecule. Granted that we 
now know several of the proteid group of substances: how many 
thousands may there be yet to know? Bodies of such extreme com- 
plexity of constitution may well have an indefinite number of isomers. 
Not only does Chemistry not say that there can not be such a thing, 
but she encourages the expectation that there will yet be found the 
precise proteid of which the changes of protoplasm are properties. 
The rapid march of recent organic synthesis makes it quite certain 
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that every distinct chemical substance of the living body will ulti- 
mately be produced in the laboratory; and this from inorganic ma- 
terials. Given only the exact constitution of a compound, and its 
synthesis follows. When, therefore, the chemist shall succeed in pro- 
ducing a mass constitutionally identical with protoplasmic albumen, 
there is every reason to expect that it will exhibit all the phenomena 
which characterize its life ; and this equally whether protoplasm be a 
single substance or a mixture of several closely allied substances. 

But here a word should be said concerning a remarkable physical 
condition assumed by matter in organized beings. Graham, in 1862, 
drew the sharp line which separates colloid from crystalloid matter. 
“His researches have required,” says Maudsley, “a change in our con- 
ception of solid matter. Instead of the notion of inert, impenetrable 
matter, we must substitute the idea of matter which in its colloid state 
is penetrable, exhibits energy, and is widely susceptible to external 
agents. This sort of energy is not a result of chemical action, for 
colloids are singularly inert in all ordinary chemical relations, but is 
a result of its unknown molecular constitution ; and the undoubted 
existence of colloidal energy in organic substances, which are usually 
considered inert and called dead, may well warrant the belief of its 
larger and more essential operation in organic matter in the state of 
instability of composition in which it is when under the condition of 
life. Such energy would then suffice to account for the simple uniform 
movements of the homogeneous substance of which the lowest animal 
consists, and the absence of any differentiation of structure is a suffi- 
cient reason for the absence of any localization of function and of the 
general uniform reaction to local impressions.” Graham himself says : 
“The colloidal state may be looked upon as the probable primary 
source of the force appearing in the phenomena of vitality.” The 
colloidal condition is the dynamical state of matter; the crystalloidal 
the static. The former, which is the rule in the organic kingdom of 
nature, is the exception in the inorganic. Aluminum and ferric 
hydrates, silicie acid, and a few other inorganic substances, exist in 
the colloid condition. From analogy there would seem to be but little 
doubt that the colloid state of these bodies differs from their crystal- 
loid state merely in the size of the molecule. In other words, opal, 
which is colloid silica, is a polymer of quartz. If this theory be true, 
there can be no doubt of the vastly greater complexity of a colloidal 
proteid molecule than of a crystalloid one. Now, it is a very signifi- 
cant fact, in this connection, that not a single organic colloid has ever 
been synthesized. Gelatine, which is one of the best examples of a 
colloid, has a comparatively simple structure. And, although Gibbs 
showed, many years ago, that gelatine was probably an amido-deriva- 
tive of the sugar group, yet no inverse process has yet given us this 
substance. That matter in the crystalloid and the colloid forms may 
be chemically identical, differing only in the size of its molecule, may 
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be quite possible. But it is also possible that the difference may be 
a physical one. To produce the colloid state from the crystalloid is 
by no means beyond the power of science. We qualify our previous 
statement, then, only so far as to say that when the chemist produces 
a body in the colloidal form, having the identical constitution of pro- 
toplasm, there is every reason to believe that it will have the proper- 
ties of protoplasm. 

The important question now arises whether, since the protoplasm 
of animals is identical with that of vegetables, and the latter is the 
food of the former, any protoplasm whatever is vitalized by the animal 
as such. That this identity exists would seem satisfactorily estab- 
lished. Though the protoplasm of vegetables is inclosed within a 
cellulose bag, it is only a closely imprisoned rhizopod. In the Nitella, 
it shows all its characteristic irritability, and from Vaucheria it escapes 
to exhibit all its ameboid movements. Spores swim about by cilia or 
flagella, and the cell-division of the one kingdom is the same as that 
of the other. In plants, however, protoplasm seems to be associated 
with chlorophyl, whose function was for a long time supposed to be 
to decompose carbon dioxide under the influence of sunlight. But 
Draper in 1843 showed that this decomposition took place before the 
chlorophyl was formed. Recent researches have shown that the func- 
tion of chlorophyl is wholly protective. The assimilative power of 
the protoplasm reaches its maximum in the orange and yellow rays. 
Now, Bert has shown that the absorption band in the chlorophy] spec- 
trum is in the exact position of this maximum. Hence, Gautier be- 
lieves that this substance acts as a regulator of plant respiration, the 
greater or less amount of luminous energy thus absorbed and trans- 
formed being utilized by the protoplasm and stored up. Growth and 
cell-division, however, are independent of orange light and hence of 
chlorophyl. In the higher plants these functions are performed by a 
separate and deep-lying set of cells. But, in the lower, the same cell 
discharges both functions, assimilation going on in it during the day, 
and growth chiefly at night. Sachs had already proved that the maxi- 
mum growth of plants takes place just before daylight, and the mini- 
mum in the afternoon. This retarding action of sunlight upon growth 
is as curious as it is unexpected. It now appears that in orange light 
plants assimilate—absorb carbon dioxide and evolve oxygen—but do 
not grow—are not heliotropic ; while in blue light they are strongly 
heliotropic, but do not give off oxygen. Chlorophyl, however, is not 
confined to vegetables ; infusoria, hydras, and certain planarian worms 
are green from the presence of this substance, and Geddes has shown 
that such animals placed in the sunlight give off a gas which is more 
than half oxygen. These cells, moreover, contain starch-granules. 

A still more striking evidence of this intimate relationship has 
been developed by Darwin, in his researches upon insectivorous 
plants. Not only do these plants possess a mechanism for capturing 
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insects, but they secrete a gastric juice which digests them. Nigeli 
has shown the presence of pepsin in yeast-cells, and attention has late- 
ly been called by Wurtz and others to the juice of the Carica papaya, 
which contains a pepsin-like substance capable of peptonizing fibrine 
completely. Moreover, there is the closest similarity between dias- 
tase and ptyaline ; and the milk of the cow-tree, recently examined by 
Boussingault and found to resemble cream closely in composition, 
shows the presence of an emulsifying agent in the vegetable kingdom 
analogous to pancreatine in the animal. 

Another most curious proof of the identity of animal and vegetable 
protoplasm has been given by Claude Bernard, who has shown that 
both are alike sensitive to the influence of anesthetics. A sensitive 
plant exposed to ether no longer closed its leaflets when touched. As- 
similation and growth, as well as germination, are arrested by chloro- 
form. The yeast-plant when etherized no longer decomposes sugar to 
produce alcohol and carbon dioxide ; while the inversive and non-vital 
ferment still acts to convert the cane-sugar into glucose ; precisely as 
under these circumstances the diastasic ferment converts the starch of 
the seed into sugar. By arresting anesthetically the process by which 
carbon dioxide is absorbed and oxygen evolved, the true respiratory pro- 
cess, being less affected, now appears ; and Schiitzenberger has proved 
that the fresh cells of the yeast-plant breathe like an aquatic animal. 

It would seem, then, that the protoplasmic life of animals is iden- 
tical with that of plants ; a certain measure of destructive metamor- 
phosis taking place in each, evolving energy and producing carbon 
dioxide and water. When, however, this function is examined quan- 
titatively, its maximum is seen to be reached in the animal. While 
the assimilative function characterizes the plant, the destructive func- 
tion distinguishes the animal. Hence it is the function of the plant to 
store up energy to produce the highly complex protoplasm. This, 
consumed by the animal as his food, continues his existence as a living 
being, the energy gradually set free by its successive steps of retro- 
gressive metamorphosis appearing as the work which he performs. If 
this view be correct, it would follow that every individual substance 
found in the animal—save only those which result from degradation— 
must be found in the plant upon which it feeds, and this is the fact. 
The myosine which Kihne has shown to be the distinctive proteid of 
muscle, Vines has found in the aleuron-grains of the lupine and the 
castor-oil plant, along with vitelline, the special proteid of the vitellus. 
The researches of Weyl and Bischoff have proved that gluten is 
formed in the dough of wheat-flour by the action of a ferment upon 
the globuline-substance or plant-myosine which it contains, precisely as 
Hammarsten has shown fibrine is produced in the action of a similar 
ferment upon fibrinogen. Not only this ; Hoppe-Seyler has extracted 
from maize the identical substance which has been shown by Liebreich 
to be the essential chemical constituent of nerve-tissue, protagon. 
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The evidence, then, would seem conclusive that, since the proto- 
plasm of the animal and the vegetable kingdoms is identical, the for- 
mer in all cases being derived from. the latter, the animal as such 
neither produces nor vitalizes any protoplasm. Two inferences seem 
naturally to follow from this conclusion: 1. That all the properties of 
animal protoplasm, and of the animal organism of which it constitutes 
the essential part, must have a previous existence in the plant ; 2. That 
_ hence the solution of the life-question in the Myxomycetes will solve 

the life-problem for the highest vertebrate. 

Another consideration which must not be left out of the account in 
any discussion of the life-question is the potent influence of environ- 
ment. Ordinary examples of this influence pass before our eyes every 
day. Heat necessitates the germination of the seed, and light causes 
the plant to grow. Gravity obliges its root to grow downward and its 
stem to ascend. Certain sensations from without excite inevitably 
muscular contraction ; and a ludicrous idea may provoke laughter in 
defiance of the will. Epidemic and epizodtic diseases show the de- 
pendence of function upon external conditions, and the germ theory 
demonstrates the utter disproportionality of the cause to the effect. 
The remarkable similarity in the periodicity observed between sun- 
spots and the weather has been extended to include the appearance of 
locusts and the advent of the plague. Even the body politic feels its 
influence, Jevons having established a coincident periodicity for com- 
mercial crises. 

The modern theory of energy, however, puts this influence in a 
still stronger light. As defined hitherto, energy is either motion or 
position ; is kinetic or potential. Energy of position derives its value 
obviously from the fact that in virtue of attraction it may become 
energy of motion. But attraction implies action at a distance ; and 
action at a distance implies that matter may act where it is not. This 
of course is impossible ; and hence action at a distance, and with it 
attraction and potential energy, are disappearing from the language 
of science. But what conception is it which is taking its place? By 
what action does the sun hold our earth in its orbit? The answer is 
to be found in the properties of the ether which fills all space. The 
existence of this ether, the phenomena of light and electricity abun- 
dantly prove. While so tenuous that astronomy has been taxed to 
prove that it exerts an appreciable resistance upon the least of the 
celestial bodies, its elasticity is such that it transmits a compression 
with a wellnigh infinite velocity. On the one hand, Thomson has 
determined its inferior limit, and finds that a cubic mile of it would 
weigh only one thousand millionth of a pound ; on the other, Herschel 
has calculated that, if an amount of it equal in weight to a cubic inch 
of air be inclosed in a cubic inch of space, its reaction outward would 
be upward of seventeen billions of pounds. Instead of being repre- 
sented, as is our air, by the pressure of an homogeneous atmosphere 











MODERN ASPECTS OF THE LIFE-QUESTION. 767 


five miles in height, such a pressure would represent just such an 
homogeneous atmosphere five and a half billions of miles high, or 
about one third the distance to the nearest fixed star! In Herschel’s 
own words, “ Do what we will, adopt what hypothesis we please, there 
is no escape, in dealing with the phenomena of light, from these gigan- 
tic numbers, or from the conception of enormous physical force in 
perpetual exertion at every point throughout all the immensity of 
space.” 

Now, as Preston has suggested, if we regard this ether as a gas, 
defined by the kinetic theory that its molecules move in straight lines, 
but with an enormous length of free path, it is obvious that this ether 
may be clearly conceived of as the source of all the motions of ordi- 
nary matter. It is an enormous storehouse of energy, which is con- 
tinually passing to and from ordinary matter, precisely as we know it 
to do in the case of radiant transmission. Before so simple a con- 
ception as this, both potential energy and action at a distance are 
easily given up. All energy is kinetic energy, the energy of motion. 
In a narrower sense, the energy of matter-motion is ordinary kinetic 
energy ; the energy of ether-motion, which may become matter-motion, 
fills the conception of the older potential energy. Giving now to the 
ether its storehouse of tremendous power, and giving to it the ability 
to transfer this power to ordinary matter upon opportunity, and we 
have an environment compared with which the strongest steel is but 
the breath of the summer air. In presence of such an energy it is 
that we live and move ; in the midst of such tremendous power do we 
act. Is it a wonder that out of such a reservoir the power by which 
we live should irresistibly rush into the organism and appear as the 
transmuted energy which we recognize in the phenomena of life? 
Truly, as Spinoza has put it, “ Man thinks himself most free when he 
is most a slave.” 

Such, now, are some of the facts and fancies to be found in the 
science of to-day concerning the phenomena of life. Physiologically 
considered, life has no mysterious passages, no sacred precincts into 
which the unhallowed foot of Science may not enter. Research has 
steadily diminished day by day the phenomena supposed vital. Physi- 
ology is daily assuming more and more the character of an applied 
science. Every action performed by the living body is sooner or later 
to be pronounced chemical or physical. And when the last vestige of 
the vital principle shall disappear, the word “ Life,” if it remain at all, 
will remain to us only to signify, as a collective term, the sum of the 
phenomena exhibited by an active organized or organic being. 

I can not close without speaking a single word in favor of a vigor- 
ous development in this country of physiological research. What has 
already been done among us has been weil done. I have said with 
diffidence what I have said in this address, because I see around me 
those who have made these subjects the study of their lives, and who 
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are far more competent to discussthemthanI am. But the laborers in 
the field are all too few, and the reasons therefor are not far to seek. 
One of these undoubtedly is the high scientific attainment necessary 
to a successful prosecution of this kind of investigation. The physi- 
ological student must be a physicist, a chemist, an anatomist, and a 
physiologist, all at once. Again, the course of instruction of those 
who might fairly be expected to enter upon this work, the medical 
students of the country, is directed toward making them practitioners 
rather than investigators. In the third place, the importance of physi- 
ological studies in connection with zodlogical research is only begin- 
ning in this country to receive the share of attention it deserves. I 
well remember the gratification I experienced in 1873 upon receiving 
a letter from Professor Louis Agassiz, asking me to give some lectures 
at Penikese upon physiological chemistry—a new departure for those 
times. In this view of the case it seems very appropriate that a new 
subsection of this Association should be just now in process of forma- 
tion. We welcome warmly the body of men who form it, and we pre- 
dict that from the new subsection of Anatomy and Physiology most 
valuable contributions will be received for our proceedings. 

It is a beautiful conception of science which regards the energy 
which is manifested on the earth as having its origin in thesun. Pulsat- 
ing awhile in the ether-molecules which fill the intervening space, this 
motion reaches our earth and communicates its tremor to the mole- 
cules of its matter. Instantly all starts into life. The winds move, 
the waters rise and fall, the lightnings flash, and the thunders roll, all 
as subdivisions of this received power. The muscle of the fleeing 
animal transforms it in escaping from the hunter who seeks to use it 
for the purpose of his destruction. The wave that runs along that 
tiny nerve-thread to apprise us of danger transmutes it, and the return 
pulse that removes us from its presence is a portion of it. The groan 
of the weary, the shriek of the tortured, the voiced agony of the babe- 
less mother, all borrow their significance from the same source. The 
magnificence of the work of a Leonardo da Vinci or a Michael An- 
gelo; the divine creations of a Beethoven or of a Mozart ; the im- 
mortal “ Principia” of a Newton, and the “ Mécanique Céleste” of a 
Laplace—all had their existence at some point of time in oscillations 
of ether in the intersolar space. But all this energy is only a transi- 
tory possession. As the sunlight gilds the mountain-top and then 
glances off again into space, so this energy touches upon and beauti- 
fies our earth and then speeds on its way. What other worlds it 
reaches and vivifies we may never know. Beyond the veil of the seen, 
Science may not penetrate. But Religion, more hopeful, seeks there 
for the new heavens and the new earth, wherein shall be solved the 
problems of a higher life. 
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THE AUSTRALIAN ORNITHORHYNCHUS. 


Le most other animals of Australia and the neighboring islands, 
the ornithorhynchus presents some strange peculiarities of struc- 
ture and habit. Its body is flat, about eighteen inches long, its head 
and mouth are very much like those of the duck, and it has a short, 
broad, flat tail like that of a beaver. When young, the animal is 


Fie. 1.—ORNITHORHYNCHUS PARADOXUS. 


naked ; the bill is short, and furnished with soft; fleshy borders, which 
enable the little ones to lay hold of the part on the body of the mother 
which affords the milk, but which is not pointed out by any teat. The 
tongue is large, and is likewise adapted to sucking. In the grown 


Fic. 2.—Jaws of the Ornithorhynchus Paradoxus. A, upper jaw; B, lower jaw; a, back tooth ; 
d, flat front tooth; ¢, tongue; @, projecting skin; ¢, cross-grooves in the projecting skin. 


animal the mouth is broadest in front, where it is rounded off ; it is 

hard, and furnished with a porous skin which projects on both sides 

and runs around the front. Where this skin touches the forehead it 
VOL. XvII.—49 
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forms a broad fold which falls over the brow, and furnishes an excel- 
lent protection for the eyes when the animal is digging in the banks 
of the streams. The nostrils are close to the end of the upper jaw. 
In the lower jaw, or rather in the lower part of the mouth, are a num- 
ber of elevations and depressions which run from the interior of the 
mouth outward through the protecting skin, and serve, like similar 
features in the duck, to let the water run out of the mouth when the 
animal is eating in the thin mud. Within the mouth is a pouch in the 
cheek, which is used as a place for preserving food. Four horny teeth 
are set in each jaw, of which the front ones are long and narrow, the 
others oval and hollow-crowned. The eyes are small and brown, set 
close down by the bill, and look upward. The ear is entirely hidden 
under the skin, yet the animal hears very well. The fore feet have five 
long toes, much alike, with thick, rounded claws ; the toes are con- 
nected by a skin which extends over the claws when the animal is swim- 
ming, but is drawn back when itisdigging. The skin of the hind foot 
reaches only to the base of the claws. 

The males when grown have also a 

movable, sharp spur on the hind foot. 

The milk-glands are in the lower part 

of the body, but are not marked by 

any teats; the glands swell out on 

sucking, and the projection thus formed 

is seized by the broad, soft mouth of 

the young. It was formerly thought 

that the ornithorhynchus laid eggs ; 

but it is now known that it brings 

its young alive into the world from a 

double uterus through the so-called 

urogenital canal. The animal chooses 

its abode in quiet places on rivers 

and ponds, where the large-leaved wa- 

ter-plants afford it sure concealment, 

and the steep, muddy banks allow it 

to dig deep holes, often fifty feet in 

lerfgth. It is extremely shy, cautious, 

and alert, and generally swims around 

under the water, only raising its head 

for breath, but seldom high enough to 

Fic.3.—A, fore foot of the Omithorhyn- be shot at. The young, born about 
ane Sy Cnn s eae the beginning of December, are put 

by the mother in a nest which she has prepared at the end of the 
burrow, and has lined with dry grass. They may be caught by 
digging them out. They do very well in an aquarium, and make 
comical, playful pets. The grown:animals sleep through most of the 
day rolled up into a ball, but are lively at night. When free, they 
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root for worms in the mud, or catch insects and small animals, They 
have a peculiar, fishy smell, and are eaten by the natives ; but this 
is no sign that they are good, for the natives have no taste. They 
belong to the lowest group of the mammalia, the Monotremata, 
which includes the two genera Ornithorhynchus and Echidna ; 
both these genera exhibit an arrangement of the breast- and shoulder- 
bones which is in a certain degree similar to that of the lizard and the 
extinct ichthyosaurus. In all the higher mammalia, the humerus is 
attached to the shoulder in a hollow of the scapula or shoulder-blade ; 
in the ornithorhynchus, the hollow in which the ball of the humerus 
rests contains a bone connected with the shoulder-blade called the cor- 
acoid bone. The breast-bone in the mammalia consists of a broad 


Fic. 4.—The shoulder- and breast-bones and ribs of the Echidna. a, T-shaped intermediate bone ; 
6, manubrium ; ¢, the sword-shaped end of the breast-bone; d, cartilaginous ribs ; ¢, key-bone; 
J, the coracoid ; g, the epicoracoid bone. 


bone placed in front in quadrupeds, above the others in man, called 
the manubrium, and several smaller bones, which reach down to the 
belly, and have ribs on both sides ; while in the other mammalia the 
- manubrium is in contact with the neck-bone, in the ornithorhynchus the 
two coracoid bones are in contact with the manubrium. Some other 
bones are found on the breast and neck which are wanting in the other 
mammailia : first, a T-shaped bone which joins the breast-bone from 
below, and the cross of which bears at each end a neck-bone that 
reaches to the shoulder-blade ; also, on each side in front of the cora- 
coid bone, a so-called epicoracoid bone reaching to the neck. Some 
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of these bones are found occasionally in birds, reptiles, and amphibia. 
We meet a few other marks of the reptiles in the ornithorhynchus: for 
example, some ribs are partly or wholly separated from the spine ; the 
hollow called the acetabulum, in which the thigh-bone is attached to 
the pelvis, is not perfect ; the ear is formed very simply, the audi- 
tory canal not being wound spirally, and the outer ear being wanting. 


THE MYSTERIOUS SOUNDS OF NATURE. 
By ROBERT SPRINGER. 


J ‘HE author of an essay on “The Empire of Tones,” which was pub- 
lished at Brunswick a few years ago, wrote: “The globe is 
played upon around its whole circuit by the billows of the mighty 
ocean ; it is encompassed by the strata of the atmosphere ever mov- 
ing in sound-waves ; and is swept from pole to pole by a flood of the 
most diversified tones which have their origin in nature. Over the 
eternal snow-peaks of the mountains, where all life has long since been 
made stark by the cold, howl icy storms like the voice of a gigantic 
organ. In the deep bosom of the earth the miner hears the murmur of 
the subterranean waters, the whistling of the jets of escaping gases, and 
the monotonous trickling of the gathered dampness. The human race 
has heard the voices of creation for thousands of years, from its child- 
hood ; but how incompetent has science been till now to explain the 
origin and meaning of these innumerable sounds!” <A notice of some 
of the most remarkable of the sounds which are produced by the acous- 
tic forces of nature will be of interest. 

It should be borne in mind that waves of sound produced by a 
single impulse have the property of putting other waves in motion, so 
as to prolong the effect and produce a tone from the combination of 
the wave-movements. From this we may understand how resonances 
may be caused and harmonies may be heard in nature, the real origin 
of which may not be perceived by the common observer, or even by 
the learned investigator. Of such are the mysterious noises heard in 
the woods of Ceylon, on the banks of the Orinoco, and on the penin- 
sula of Sinai. The rustle of the woods, the roll of the thunder, the 
crash of the storm, the murmur of the waterfall—all those sounds of 
the earth and the air of which the poets are so fond, and in which the 
ancients recognized the prophetic voices of the gods—sober science 
seeks to trace back to the same law whose operation is perceived when 
the bullet whizzes through the air, when the wind whistles through 
the crack of the door or window, when the burning wood snaps in the 
fireplace, when the stove-door crackles in cooling, when the teakettle 
sings that the water is boiling. Most of these sounds, which are pro- 
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duced by quickly succeeding impulses, approach in some degree to be- 
ing musical tones. Water, in particular, has the property of giving 
forth sounds of this character, which vary in quality from the dull 
moaning of the waves to the charming warble of the gurgling brook 
and the pattering of the cascade. The great drops of the shower 
produce their melodies also, which in the cave of Staffa make a genu- 
ine water-music. 

Among the natural sounds of obscure origin with which mythol- 
ogy and science have been occupied are the rustlings and so-called 
voices which seem to come from the air, sometimes from the bosom 
of the earth, and which have been remarked upon in all ages. Au- 
tenrieth refers them to the same class as the noises like thunder or 
the firing of cannon, which the hearers often fail to trace to an appar- 
ent cause. Sometimes they seem like the trampling of horses, or the 
roll of drums, or the clangor of trumpets ; at other times, like human 
voices. In the last case, the sounds are those which are common to 
all men, and may be interpreted by each hearer as in his own language. 
To the Romans they spoke Latin, to the Greeks Greek, to the Scotch 
Highlanders Gaelic. History has notices of these sounds; the Bible 
descriptions attribute to them a religious significance. They are re- 
ferred to when it is related that Samuel heard the voice of Jehovah 
three times in the temple ; when Habakkuk, pronouncing the curse on 
Babylon, spoke of the stones crying out in the walls ; when the glad 
voices of the mountains and waves are mentioned in the Psalms ; in 
the account in John of the voice that cried out from heaven when 
Jesus went into Jerusalem, and the people wondered whether it was 
thunder or an angel ; in the story of the conversion of St. Paul; and 
in the account of the pouring out of the Holy Spirit on the day of 
Pentecost. The profane history of antiquity also tells of voices from 
above, and ascribes to them a supernatural significance and an influ- 
ence over the hearts of men. Instances in point are the sounds of bat- 
tle, and the clash of arms, and the neighing of horses, heard by night, 
according to Pausanias, on the field of Marathon ; the address of the 
god Pan to the Athenian ambassadors to Sparta, told of by Herodotus ; 
and the voices heard by both armies after the battle of the Romans 
with the sons of Tarquin. The Germans have myths of the din made 
by the war-god and his marching hosts, of the wild huntsmen, of 
strange cries and of the barking of dogs heard in the air; and the 
French have stories not unlike them. S 

Accounts have been given in more recent times of air-noises of 
another kind, or “devil’s music,” which have been heard in the East, 
in Europe, and in America, and of which discussions may be found in 
the acoustic letters of Richard Pohl and in the “ Musical Conversations- 
Lexicon” of Gathy. The devil’s voice in Ceylon is heard in clear nights 
on the hills and among the valleys in different places, passing quickly 
from one spot to another, sometimes resembling the barking of a dog, 
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sometimes a mournful human voice, and has been described by several 
travelers, English, Dutch, and German. Autenrieth, Richard Pohl, 
Schubert, and others have endeavored to trace it to natural causes, but 
Schleiden gives up a satisfactory explanation of it. Persian traditions 
tell of a similar phenomenon, the cry of the Gule which is heard in 
the mountain-region of that country, together with the noises of the 
ringing of metals, the sound of drums, and the trampling of horses, 
The traveler Marco Polo, in the thirteenth century, told of noises of 
weapons ‘and horsemen, the voices of men and musical harmonies 
which were heard frequently in the desert of Lob; and his contem- 
porary, the monk Rubriquis, described the regions north of the Altai 
Mountains as the scene of similar manifestations. The devil’s voice 
in Ceylon has been ascribed to the effects of excessive heat ; these 
sounds of the more northern regions are possibly due to the dryness of 
the climate. The region of Mount Sinai is rich in curious harmonious 
sounds. 

Unaccounted-for sounds have been accompanied in some of the 
hotter parts of Africa by a light, which may indicate an electrical 
origin ; this has been noticed by several observers on a mountain near 
Cape Town. A manifestation, which may be called a sound mirage, 
was described in the “ Magasin Pittoresque” in 1852 by an English 
writer, who related that while traveling in the desert at a time when 
the atmosphere was clear, and the heat glowing, and everything was 
quiet, he heard for about ten minutes a joyous sound like the ringing 
of church-bells. He suggested that the organs of hearing might have 
been set in vibration through the extreme dryness of the air. (King- 
lake, in “ Eéthen,” relates a similar incident, if this is not the same.) 
The missionary Cabruta heard on the Orinoco a sound like the rever- 
berations of cannon coming alternately from opposite directions, to 
which no one could assign an origin ; and Humboldt says that the 
Indians of the same regions tell of the sound of the holy trumpets 
blown by the Great Spirit. 

Similar phenomena have been noticed at different places in Eu- 
rope, and people remote from each other have alike referred them 
to a supernatural origin. Among them were the sounds in the air 
heard by a priest at Aufacq, near Beauvais, of which an account is 
given in a manuscript of the last century, and the noise of the Arlecan 
which was heard in a churchyard near Arles. The Slavic peoples on 
the Adriatic and the Scandinavians of the North are equally inclined 
to believe in such manifestations and to notice them. The mirage of 
the Fata Morgana is sometimes accompanied with a sound like thun- 
der. The Scottish Highlanders hear a mournful sound in the clefts 
of the rocks which they ascribe to an evil spirit. Arndt tells of soft 
tones and cries emanating from the mountains of the Orkney and 
Shetland Islands. Distinct cracking sounds are heard on the Adriatic 
Sea. 
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Echoes are frequently mentioned that repeat the sound six or seven 
times. Such an echo is said by Pliny to have been at a portico in 
Olympia ; another echo, described by Gassendi, near the grave of Me- 
tella, repeated a verse of the “ Aineid” eight times. Addison heard in 
Italy a pistol-shot echoed fifteen times. An echo in the county of 
Argyll repeats the sound eight times after equal pauses, but with di- 
minishing force. These phenomena are favored by the neighborhood 
of rocks, caves, and bodies of water. Pierre de Castellane, a French 
officer who served in Algiers, relates that he heard an echo repeated a 
thousand times on the mountain-road to Bel-Abbes ; it seemed to pass 
from one mountain to another, and to resound from side to side. Ad- 
miral Wrangell, in his work on Siberia, tells of an echo at Teheki, near 
Kirensk, on the Lena, where a pistol-shot is repeated more than a hun- 
dred times among the high rocks, and seems like a volley of musketry, 
but of the force of a cannon-shot. 

Partly of the nature of the echo are the peculiar tones which are 
produced by the wind or the sea in rocky places. The learned Jesuit 
Kircher describes several such phenomena as sounding like the twang- 
ing of the harp, like an organ, or like bells. They have been noticed 
in Tartary, in Sweden, on the banks of the Guatemala Lake, and at a 
waterfall in the province of Kiang-si, China. Pausanias speaks of 
the tuneful waves of the Aigean Sea; Professor Bruder has perceived 
the chord of the third of C sharp in them. The experiments of the 
brothers Heim have made it probable that the resonant property re- 
sides in some quality of the waters; and Oersted has discussed the 
subject of the “Harmony of Waterfalls” in his work on the “ Spirit 
of Nature.” 

The agency of echoes is also observed in the music of grottoes. A 
fearful sound has been said to be emitted from the grotto of Smaland 
near Wibourg, in Finland, as if a living animal were imprisoned there. 
Similar sounds are attributed to grottoes in Switzerland and the island 
of Hispaniola. A cave near Barable in Hungary gives out a noise like 
that of a pistol-shot. Harmonious, soothing tones prevail in other 
caves, a8 in Fingal’s Cave, Staffa, where the falling water-drops, the 
breezes, and the rolling waves striking upon the basaltic columns, com- 
bine to make it a real cave of melodies. The accord of tones in this 
cave is no doubt attributable in a great degree to the symmetry of its 
shape, and the regularity of the form and arrangement of the basaltic 
columns. Other musical sounds proceed from the bosom of a rock 
called the Piedra de Carichana Vieja, on the banks of the Orinoco ; 
they begin at sunrise, and are attributed to the action of changes of 
temperature. The musical sounds which are heard on the heights be- 
tween Mount Sinai and the Gulf of Suez, the bell-tones of the Djebal 
Nakus rock in the Red Sea, and the noises like thunder in the region of 
Sinai which are mentioned by Burckhardt, are caused by the rolling of 
the sands among the rocks. 
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The sonorous property of rocks is also manifested in the phonoliths 
or ringing stones, of which several remarkable ones are known. The 
embassy of the East India Company to China found a rock near the 
city of Taucham, which gave out a noise like the sound of a trumpet 
whenever it was rubbed with the finger. Such stones are not uncom- 
mon in the department of the Loire, in France; and the basin of 
a fountain in the court of the Institute of France, in Paris, was 
observed by Elwart to give the chord of F sharp when struck by 
the hand. 

Plants also afford their peculiar sounds and music. Of this nature 
were the oracular voices of the oaks at Dordona, a rustling of the trees 
around the temple of Zeus, which, with the accompanying murmur of 
the sacred fountain, was held to be prophetic. The rustling of the 
trees was regarded by the Scandinavians and the Celts as a language 
of nature, full of significance, of which the Druids were the conse- 
crated interpreters. Possibly the woods, which the priests regarded 
as holy, had the property of producing real harmonies, like those of 
the Aolian harp. Such harmonious woods and musical trees are men- 
tioned in many traditions of the olden time and reports of later times. 
Some soldiers, encamped in a valley in the Black Forest toward the 
end of the seventeenth century, heard charming sounds in the tops 
of the fir-trees, accompanied by the rustling of the wind as it blew 
through the narrow valley. A tradition of a similar music in a wood 
near Cithas, in the department of the Haute Sadne, France, is con- 
firmed by the testimony of an ear-witness, Désiré Monnier, author of 
“Traditions populaires comparées.” The filao, a tree of the island of 
Bourbon, emits soft, melancholy tones when its slender boughs are 
shaken by the wind. An avenue of such trees is the source of won- 
derfully touching harmonies. The reeds and rushes of the island of 
Sylt, with their supple stems and interlaced roots, give forth, when- 
ever the lightest wind is blowing, tones which are at times like whis- 
pers, like a subdued singing, or like a loud whistle. The wind, which 
in this case causes the root-fibers to be rubbed together and turns the 
limber stalks upon themselves, exerts a similar action on the innumer- 
able thistles of the Hungarian steppes, where, as on the battle-field of 
Kapolna, mournful sounds, mingled with the soft soughing of the 
wind, are heard on still nights. The poets of all ages have sung of 
these sounds of nature ; the literature of all nations abounds in fables 
and myths concerning them ; they possibly suggested the first attempts 
to make musical instruments ; and they have suggested to the great 
musical composers themes for many of the striking passages of their 
most successful works.—Die Natur. 
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THE ENGLISH PRECURSORS OF NEWTON. 
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| Pepe nee HOOKE was born at Freshwater, in the Isle of Wight, 
July 18, 1635. Like Newton, he was a sickly child, and, like 
Newton too, his early years were distinguished and diverted by his 
singular mechanical ingenuity. He has left it on record that, having 
seen an old brass clock taken to pieces, he succeeded in constructing, 
in imitation of it, a wooden one that would, after a fashion, go; and 
about the same period he rigged out a miniature ship with ropes, pul- 
leys, and masts, besides a contrivance to make it fire off some small 
guns while sailing across an adjacent haven ; with what childish ap- 
plause and self-gratulation, we are left to imagine. Nor did his sole 
gifts lie in this direction. His literary aptitude was beyond the com- 
mon, and he showed a marked taste for music and painting. His edu- 
cation was as various as his talents. His father, who was minister of 
the parish, destined him for his own profession ; but his infirm health 
precluded serious study, and it was consequently proposed to bind him 
apprentice to a watchmaker, or some similarly skilled artisan. After 
his father’s death in 1648, his artistic tendencies so far got the upper 
hand, that we hear of him in the workshop of Sir Peter Lely, where, 
however, his occupation seems to have been nothing more esthetic than 
color-grinding. Either this preliminary stage of art disgusted him, or 
(as his biographers prefer to state) the smell of oil-paint aggravated 
his constitutional headaches, and he was transferred to the care of Dr. 
Busby, the celebrated master of Westminster School, who kept him 
gratuitously in his own house for several years. Here his education, 
properly speaking, may be said to have begun. He not only acquired 
a competent knowledge of Latin and Greek, with a tincture of Hebrew 
and other Oriental languages, but is said to have astonished his teach- 
ers by mastering the first six books of Euclid in as many days, and by 
playing, without instruction, twenty lessons on the organ. In 1653 he 
entered Christ Church, Oxford, as servitor to a Mr. Goodman ; and 
ten years later received, on the nomination of Lord Clarendon, then 
Chancellor of the University, the degree of Master of Arts, which his 
poverty had perhaps prevented him from taking in the ordinary course. 

In 1654 the Hon. Robert Boyle, having finished his travels in Italy 
and his studies at Leyden, came to reside at Oxford. This amiable and 
ingenious gentleman has been quaintly panegyrized by an Irish humor- 
ist as “the father of chemistry and brother of the Earl of Cork.” Al- 
though the clauses of this eulogy command different degrees of assent, 
and claim different kinds of esteem, they may be taken together as 
roughly summarizing the merits of its subject in the popular apprehen- 
sion of that time. He was infected to an extraordinary extent with 
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the prevailing experimental fervor, and contributed perhaps more than 
any of his contemporaries to advance the credit and promote the cul- 
tivation of science. The tinge of credulity which occasionally colored 
his inquiries may be excused (in the words of Bacon’s apology for cor- 
ruption) as vitium temporis non hominis, and we suppress a smile at 
his solemn testamentary disposition of an infallible recipe for “ multi- 
plying gold,” when we find Newton and Locke the eager recipients of 
the secret. 

Several members of the “ Philosophical or Invisible College” of 
London finding themselves about this time together at Oxford, their 
discussions were resumed, and Hooke’s singular mechanical skill quick- 
ly brought him to their notice. Boyle at once attached him to him- 
self, and, if we are to believe what Anthony Wood tells us,* was glad 
to improve his foreign acquirements by receiving from the young ser- 
vitor instruction in Euclid, and some much-needed light on the Carte- 
sian philosophy. What is more certain is, that Hooke constructed for 
him an air-pump vastly superior in design to that recently contrived 
at Magdeburg by Otto Guericke, and differing in no essential particu- 
lar from that now in use. He further devised thirty different modes 
of flying, and emulated Archytas in the production of a “Module” 
(we quote his own words), “ which, by the help of springs and wings, 
raised and sustained itself in the air; but finding,” he adds, “by my 
own trials, and afterward by calculation, that the muscles of a man’s 
body were not sufficient to do anything considerable of that kind, I 
applied my mind to contrive a way to make artificial muscles, divers 
designs whereof I shewed also at the same time to Dr. Wilkins, then 
Warden of Wadham College, but was in many of my trials frustrated 
of my expectations.” + 

It may be conjectured that the failure of these attempts sufficed to 
convince the Icarus of Wadham of the impracticability of his project- 
ed lunar excursion, as well as to divert their author to less ambitious 
designs. The improvement of timepieces was then looked upon as the 
shortest road to the solution of the great practical problem of finding 
the longitude at sea, and in this direction, accordingly, Hooke next 
turned his thoughts and his experiments. He was rewarded by the 
discovery of a contrivance for applying springs to regulate the move- 
ment of watches. For this important invention his friends endeavored 
to procure him a patent, which he, however, refused, being dissatisfied 
with the terms proposed ; and it thus remained undivulged, and by 
many disbelieved in. But when, in 1675, Huygens published, in the 
“Journal des Savants,” his discovery of spiral watch-springs, Hooke 
indignantly claimed it as his own, incidentally attacking Oldenburg, 
then Secretary of the Royal Society, with whom he was never on very 
civil terms. A sharp paper-conflict ensued, Hooke (quite unjustifiably) 


* “ Athene Oxonienses,” vol. iv., p. 628. 
+ “The Life of Dr. Robert Hooke,” “ Posthumous Works,” p. iv. 
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accusing Oldenburg of “trafficking in intelligence,” and Oldenburg 
retaliating with the better-founded assertion that Hooke’s “ pendulum- 
watches” could never be got to go; while Huygens, who might well 
disdain to wrangle over so small a prize, stood aloof, and let the con- 
troversy rage. Hooke’s priority, as regards the principle, is unques- 
tionable ; but it is equally unquestionable that the modification intro- 
duced by Huygens first brought the improved timepieces into general 
use. That modification was nothing more than the coiling into a spi- 
ral of a spring which, in Hooke’s design, had remained straight. So 
fine is the line drawn between failure and success. 

. The history of this invention is, in brief, the history of Hooke’s 
life. He was a man whose brilliant qualities were neutralized one by 
the other. His extraordinary ingenuity was marred by his equally 
extraordinary versatility. His thoughts pursued each other in a rapid 
succession of vivid and original suggestions ; but they found no halt- 
ing-place on the way. He received them with rapture, but they wea- 
ried him if they staid too long. He welcomed all, but made none his 
friend. He wanted that laborious passion of perfection, apart from 
which the progeny of invention is but a sterile brood. His mind was 
like a telescope without clock-work, which shows the moving host of 
heaven, but can not fix or observe any individual star. Thus, his dis- 
coveries and investigations were usually abandoned or postponed when 
on the point of completion. It was not until some other inquirer, less 
discursive or more discreet, added the finishing touches still wanting, 
that he became sensible of the full value of what he had neglected, 
and, with loud vociferations, stood on the highway of learning, crying 
“Stop thief!” to the whole scientific world. Nor was his manner of 
conducting these controversies happier than his choice of occasions for 
them. His tone in argument was at all times dictatorial, and under 
excitement it was apt to become shrill. By his arrogance, he exasper- 
ated his adversaries ; by his irritability, he prejudiced his cause. Thus, 
when (as not unfrequently happened) he was in the right, he roused 
animosity ; when he was in the wrong, he incurred discredit. 

But we anticipate our narrative. The foundation of the Royal 
Society opened to him the road to fortune and fame. Having raised 
his reputation by an able paper on “Capillary Attraction,” his name was 
placed on the first list of Fellows, and on November 12, 1662, he was 
unanimously elected Curator of Experiments, “with the thanks of the 
Society ordered to Mr. Boyle for dispensing with him for their use.” 
He had at this time entered on his twenty-ninth year, and had within 
him a spirit of fire, not indeed “grossly,” but most inadequately “clad” 
in the corporeal “dimension” of his species. Pepys, who knew him 
well and rated him high, notes in his “ Diary ” that “ Mr. Hooke is the 
most, and promises the least, of any man in the world that ever I saw.” 
His personal appearance, indeed, was to the last degree deplorable. 
His figure was crooked, his limbs shrunken and emaciated, his aspect 
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meager, his carriage stooping. He wore his hair, which was of a dark- 
brown color, hanging in long, disheveled locks over his face, and it was 
not until three years before his death that, conforming at last to the 
fashion of his time, he cut it off, and substituted a periwig. Up to 
the age of sixteen, he was said to have been straight, and he himself 
attributed his deformity to his excessive use when young of “incur- 
vating exercises,” such as working with a turning-lathe. Waller, his 
earliest biographer, tells us : 


His eyes were gray and full, with a sharp ingenious look while younger; his 
nose thin, but of a moderate height and length; bis mouth meanly wide, and 
upper lip thin; his chin sharp and forehead large; his head of a middle size. ». . 
He went stooping and very fast, having but a light body to carry, and a great 
deal of spirits and activity, especially in his youth. He was of an active, restless, 
indefatigable genius even almost to the last, and always slept little to his death, 
seldom going to sleep till two, three, or four o’clock in the morning, and seldomer 
to bed, oftener continuing his studies all night, and taking a short nap in the 
day. His temper was melancholy, mistrustful, and jealous, which more increased 
upon him with his years. . . . He had a piercing judgment into the dispositions 
of others, and would sometimes give shrewd guesses and smart characters.* 


The extreme parsimony, which the necessities of his early life had 
rendered a virtue, degenerated, as years went on, into a_ weakness if 
not into a vice. After his death, a large iron chest, which it appeared 
by evident signs had lain undisturbed for above thirty years, was dis- 
covered in his lodgings, and on being opened was found to contain sev- 
eral thousand pounds in gold and silver, accumulated by him in the 
lucrative employment of surveyor for the rebuilding of the city after 
the fire of September 3, 1666. Thus he condemned himself to a life 
of sordid privation, while relegating to dust and cobwebs a treasure 
which he was too penurious to spend, and too busy even to enjoy the 
miser’s pleasure of counting. 

It is difficult to convey an adequate idea of the multifarious and 
unceasing activity of Hooke’s intellectual life during the forty years 
of his connection with the Royal Society. It reflected the boundless 
but fortuitous curiosity of an age which had indeed realized the bold 
vaunt of its heraid, by leaving the pillars of Hercules of ancient lore 
far behind ; but now found itself, like Ulysses of old, embarked on a 
trackless ocean without any sure pilotage to the happy isles of reno- 
vated science. Hooke and his contemporaries were inflamed with the 
unmeasured hopes and vast ambition of the Verulamian prophecies ; 
but they began to be more and more conscious that the Verulamian 
method was but as the “golden path of rays” leading to the setting 
sun. They were haunted by the idea that Nature was to be interro- 
gated, not progressively or by installments, but once for all, by a su- 
preme inductive effort,t and they could not wholly relinquish the hope 
that they were destined to witness its consummation. They had been 


* “ Life,” p. xxvii. + Bacon, preface to the “ Parasceve,” “ Works,” vol. i., p. 394. 
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told to expand their souls to the measure of the universe, and they 
were unwilling to confess their inadequacy to the effort required of 
them. They were like men groping in the darkness for a door which 
they had but to throw wide, in order to find themselves in the full 
blaze of daylight ; and they learned with reluctance that only by pain- 
ful and prolonged exertions could they expect to open a chink here 
and there for a ray of twilight to enter. 

This insensible change of front, as regards scientific method, is very 
clearly discernible in Hooke’s writings. He began life with hopes as 
large as and more defined than those of Bacon himself. Even before 
he left Oxford, he had provided himself with what he called a “me- 
chanical algebra,” which he regarded as an infallible guide to inven- 
tion. This he afterward expanded into an elaborate engine of discov- 
ery, competent, as he believed, to construct with certainty and swift- 
ness an edifice of knowledge, heretofore unmatched for vastness and 
durability. The scheme, like all his more ambitious designs, remained 
incomplete, or, at most, was completed only in the mind of its author ; 
and the tract in which he describes it breaks off just as the momen- 
tous secret is about to be disclosed. Whether it was that the difficul- 
ties in the way became more clear to him as he advanced, and that he 
lost faith in his own means of removing them, or whether it was that 
his jealousy of disclosure overbalanced, at the critical moment, his 
appetite for fame, we shall never know. We do know, however, enough 
to show us that the revelation would have been valuable only as a 
gratification of our curiosity, and as throwing a singular light on the 
visions which haunted the morning of experimental science. 

The following extract from his essay on “The Present State of 
Natural Philosophy” briefly exposes his ideal of a method. He at- 
tempted, as will be seen, to come to closer quarters with the problem 
than Bacon had done, and succeeded thereby in more clearly defining 
its insolubility. 

“ Some other kind of art for inquiry,” he writes,* “than what hath been hith- 
erto made use of, must be discovered; the intellect is not to be suffered to act 
without its helps, but is continually to be assisted by some method or engine, 
which shall be as a guide to regulate its actions, so as that it shall not be able to 
act amiss. Of this engine, no man except the incomparable Verulam hath had 
any thoughts, and he indeed hath promoted it to a very good pitch; but there is 
yet somewhat more to be added, which he seemed to want time to complete. 
By this, as by that art of Algebra in Geometry, ’twill be very easy to proceed in 
any natural inquiry, regularly and certainly: and indeed it may nbt improperly 
be called a Philosophical Algebra, or an art of directing the mind in the search 
after philosophical truths.” 


The first part only of this “ Algebra of Discovery,” “containing 
the manner of preparing the mind, and furnishing it with fit materials 
to work on,” was written ; the second, which should have set forth “the 


* “ Posthumous Works,” p. 6. 
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rules and methods of proceeding and operating with this so collected 
and qualified Supellex,” remained in embryo. Hooke, like Bacon, set 
out with a classification of the errors incidental to humanity in its 
actual condition ; but his mode of rectifying them was a more patient 
and practical process than the “expurgation of the intellect,” preached 
by the philosophic Chancellor. The senses are to be helped, he tells 
us, by skillfully constructed instruments, whereby their sphere of ac- 
tion may be enlarged, and their untutored impressions brought to the 
test of exact measurement and rigid calculation. The report of one 
sense must be corrected by comparison with that of the others, until 
“sensation is reduced to a standard,” and the mind is gradually informed 
with true notions of “things, as they are part of, and actors or patients 
in the universe, not only as they have this or that peculiar relation or 
influence on our own senses or selves.” 

The next step in the “ Preparation” consisted in the compilation 
of a “ Philosophical History,” comprising— 


A brief and plain account of a great store of choice and significant natural and 
artificial operations, actions, and effects, ranged in a convenient order, and inter- 
woven here and there with some short hints of accidental remarks or theories, 
of corresponding or disagreeing received opinions, of doubts and queries, and the 
like; and, indeed, until this repository be pretty well stored with choice and 
sound materials, the work of raising new axioms or theories is not to be attempt- 
ed, lest beginning without materials the whole design be given over in the 
middle.* 


The matter of such a history, he says further, is no less than the 
world ; “for there is no body or operation in the universe that is not 
some way or other to be taken notice of in this great work.” And the 
programme which he proceeds to lay down in no way belies his prom- 
ise. Fire, air, earth, and water, light and darkness, heat and cold, 
gravity and levity, all the “prime sensible qualities” of nature, find 
each its place in this stupendous magazine of knowledge. From ether 
to anthracite, from a man to a mite or a mushroom, from dreams and 
influences to arts and sciences, from the starry firmament to the coster- 
monger’s cart or the cobbler’s stall, no substance, quality, or accident 
is excluded. No natural process, no commercial product, but has its 
separate “History.” The despised handicraftsman is to yield up his 
obscure secrets as well as the scientific artisan. A Dollond or a Stein- 
heil is not more stimulating to the catholic curiosity of the natural 
historian than a Quince, a Bottom, or a Snug. Yet all this encyclo- 
pedic mass of information, infinite in its subject, indefinite in its ex- 
tent, expansive in its nature, Hooke tells us he “has very good reason 
to believe may be contained in much fewer words than the writings of 
divers single authors!”+ This would, indeed, have been to imprison 
the liberated genius of knowledge within narrower limits than those 


* “ Posthumous Works,” p. 18. + Ibid., p. 21. 
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of Aristotelian tradition. The seal, however, was broken; the vase 
was already at the bottom of the sea, and it only remained to guide 
and propitiate a power which it was no longer possible to confine. 

The “ Philosophical History,” of which Hooke traced the gigantic 
plan, would, in fact, have included what we now understand as the 
whole body of inductive science, with a considerable margin of hetero- 
geneous material, difficult of classification, and more curious, perhaps, 
than useful. It would have included not only an enumeration of all 
possible phenomena, but the knowledge of the laws by which they are 
governed, and the causes by which they are produced. The natural 
historian was to be “ knowing in hypotheses,” that he might set his 
facts in plausible sequence of cause and effect ; he was to be a skilled 
mechanician, and an able mathematician, that he might investigate 
their relations by experiment, and deduce the consequences of such 
relations by calculation. Hooke’s “Helps of Discovery” are but an- 
other form of Bacon’s “ Prerogative Instances” ; but it is significant 
that in the later system they appear in the preparatory stage, while in 
the earlier they form an integral part of the “Organum™” itself. The 
impossible was, in fact, relegated to a distant future, while the possible 
took possession of the present. The “raising of axioms,” and the dis- 
covery of “forms,” which were supposed to constitute the true business 
of the philosopher, were postponed in favor of the more modest task of 
setting facts in order, and connecting them by means of ideas. Thus 
natural philosophy, in the recondite sense in which it was understood 
by the theorists of the seventeenth century, came, as time went on, to 
be more and more fully personated by her handmaiden, “ Natural His- 
tory,” until at last the identity of the one was completely merged in 
that of the other. The intermediary whom they had admitted as a 
messenger of higher promise, they were compelled to take for better 
for worse. Like Malvolio, they had wooed the mistress; like Sir 
Toby, they wedded the maid. 

We shall conclude our remarks on this singular essay by transcrib- 
ing some specimens of the queries directed by Hooke to future inves- 
tigators. Even after the lapse of above two centuries, they strike us 
as suggestive and ingenious. Under the heading of “ Ether,” he asks : 


Whether it permeates all bodies, be the medium of light, be the fluid body in 
which the air is but asa tincture? Whether it cause gravity, in the earth or 
other celestial bodies? 


Of the atmosphere : 


Whether it encompasses the sun and planets, and that each of them have a 
peculiar atmosphere, as well as they have a gravitating power? 

Whether the spots in the sun may not be clouds of smoke or vapors, raised 
up into that atmosphere? 

Whether meteors have anything of fire in them, or whether the light may 
not be an effect of their rapid motion ? 
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Although Hooke’s “True Method” was not published until after 
his death, we may safely attribute it to an early stage of his career. 
He was a man whose ideas did not change, but were superseded. 
They retained their original form, but were crowded out of sight by 
the multitude of new arrivals. Now we have evidence to show that, 
without wholly abandoning his early faith in the efficacy of his “ Phil- 
osophical Algebra,” his confidence in an approaching renovation of 
science was replaced, later in life, by a conviction of its infinite com- 
plexity and extent. In the preface to a volume of “ Lectures,” published 
in 1674, he says :* 


For as there is scarce one subject of millions that may be pitched upon, but 
to write an exact and complete history thereof would require the whole time 
and attention of a man’s life, and some thousands of inventions and observations 
to accomplish it: so on the other side no man is able to say that he will com- 
plete this or that inquiry, whatever it be (the greatest part of invention being 
but a lucky hit of chance, for the most part not in our own power). Twill be 
much better, therefore, to embrace the influences of Providence, and to be dili- 
gent in the inquiry of everything we meet with. For we shall quickly find that 
the number of considerable observations and inventions this way collected will 
a hundredfold outstrip those that are found by design. No man but hath some 
lucky hits and useful thoughts on this or that subject he is conversant about, the 
regarding and communicating of which might be a means to other persons highly 
to improve them. . . . This way is also more grateful both to the writer and the 
reader, who proceed with a fresh stomach upon variety, but would be weary and 
dull’d if necessitated to dwell too long upon one subject.t 


Thus we see that discovery, which speculation had proclaimed to 
be the infallible result of system, was by experience declared to be the 
lucky outcome of chance. Investigators had previously been com- 
manded to march in a compact army along the highway of method 
toward the metropolis of knowledge ; they were now warned to dis- 
perse in all possible directions into the wilderness of phenomena, and 
beat the bushes of nature for what game they might contain. That 
one view was equally misleading with the other is obvious ; that one 
should form the reaction from the other was inevitable. Hooke’s rea- 
sons for discursiveness were not so much the guide of his conduct as 
its apology. His position as Curator of Experiments to a body inor- 
dinately greedy of scientific novelty suggested a wide range of subjects 
for inquiry, which his native versatility induced him to embrace to its 
fullest extent. The journals and registers of the Royal Society alone 
convey, by their records, an adequate idea of his prodigious activity 
of mind, fertility of resource, and experimental skill. Astronomy, op- 
tics, acoustics, thermotics, pneumatics, hydrostatics, magnetism, and 
chemistry ; geology, physiology, meteorology, and psychology—all in 
turn engaged his attention, and all in turn received illustrations from 


* “Posthumous Works,” p. 29. 
+ “An Attempt to prove the Motion of the Earth,” London, 1674. 
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his sagacity, and impulses from his zeal. Of all men who ever lived, 
he was perhaps the most prolific in mechanical invention. New instru- 
ments, or useful modifications of those already in use, flowed from him 
by the dozen. An arithmetical machine, a triple writing-machine, a 
deep-sea sounding machine, a wind-gauge, rain-gauge, hygrometer and 
odometer, a system of telescopic telegraphy, a “ water-poise,” a “ weath- 
er-clock,” and a species of microphone, were all due to his ingenuity; 
besides important improvements in astronomical and other instruments 
—telescopes, quadrants, micrometers, diving-bells, barometers, ther- 
mometers, and balances. He speculated curiously on memory, and 
calculated the number of ideas of which the human mind is susceptible, 
estimating it at three thousand one hundred and fifty-five million seven 
hundred and sixty thousand! He constructed a model for the rebuild- 
ing of London after the great fire, which was approved, although not 
adopted ; and was the architect of Hoxton Hospital and other build- 
ings. He read before the Royal Society commentaries on Ovid’s 
“ Metamorphoses,” Plato’s “ Atlantis,” and Hanno’s “ Periplus,” inter- 
polating these critical excursions between geological theories and as- 
tronomical observations. To him was due the ingenious idea of mea- 
suring the force of gravity at different altitudes by the rate of vibra- 
tion of a pendulum of a given length ; as well as the determination 
(so far as the actual state of chemical knowledge permitted it to be 
determined) of the true function of the air in combustion and respira- 
tion. His zeal carried him to the length of making, in an exhausted 
receiver, his own person the subject of his observations—“the only 
experiment of that kind,” his biographer naively remarks, “I think 
ever tried.” 

At the present time, when weather prophecies have come to form a 
recognized part of our complex social machinery, it would be ungrate- 
ful to omit noticing that Hooke was the first to propose a scientific 
system of meteorological forecasting. His scheme, as might be ex- 
pected, had for its basis the close association (remarked by him among 
the earliest) of changes of weather with barometrical variations ; 
which, he writes to Boyle, October 6, 1664— 


If it continue to do as I have hitherto observed it, I hope it will help us one step 
toward the raising a theorical pillar or pyramid, from the top of which, when 
raised and ascended, we may be able to see the mutations of the weather at some 
distance, before they approach us; and thereby being able to predict and fore- 
warn, many dangers may be prevented, and the good of mankind very much 
promoted.* 


The means recommended by him for the furtherance of this note- 
worthy object were the same in principle as those now in use at all the 
meteorological observatories of Europe and America. Two hundred 
years, however, had to elapse before they could be profitably employed. 


* Boyle’s “ Works,” vol. vi., p. 492. 
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In his “ Method for making a History of the Weather,” * the attention 
of observers is especially directed to the following “ particulars,” as 
“requisite for the raising of axioms whereby the cause or laws of 
weather may be found out”; 1. The strength and quarter of the winds. 
2. The degrees of heat and cold. 3. The degrees of dryness and moist- 
ure observed with a hygroscope “ made with the single beard of a 
wild oat perfectly ripe, set upright and headed with an index.” 4, 
The degrees of pressure of the air. 5. The constitution and face of 
the sky. 

It is perhaps worth remarking that our present system of meteoro- 
logical observations corresponds with tolerable accuracy to Bacon’s 
notion of how a “history ” of any special branch of physics should be 
compiled ; with this difference in result, that, instead of arriving at 
“axioms” and “forms,” we have as yet obtained only a set of em- 
pirical rules which, however practically useful, can scarcely be said to 
constitute a science. 


“Discoursed with Mr. Hooke,” Pepys wrote, August 8, 1666, “‘ about the 
nature of sounds, and he did make me understand the nature of musicall sounds 
made by strings, mighty prettily ; and told me that having come to a certain 
number of vibrations proper to make any tone, he is able to tell how many 
strokes a fly makes with her wings (those flies that hum in their flying) by the 
note that it answers to in musique, during their flying. That, I suppose, is a little 
too much refined, but his discourse in general of sound was mighty fine.” t 


Notwithstanding Mr. Pepys’s skepticism, Hooke was on this occa- 
sion not “refining” overmuch. He exhibited in 1681 an instrument 
(with the principle of which he had doubtless long been acquainted) 
for counting the pulsations of sound, which seems to have been virtu- 
ally identical with that now known as “Savart’s Wheel.” He also 
anticipated Chladni’s celebrated experiment by strewing flour on a 
vibrating glass bell, thus presenting to the eye, as it were, a picture of 
the configuration of rest and motion on its surface. It was one of his 
favorite ideas that, by some future discovery, the sense of hearing 
would be reénforced as prodigiously as the sense of sight had already 
been by the telescope—an intuition singularly realized by the recent 
invention of the telephone. “It has not yet been thoroughly exam- 
ined,” he wrote in 1664,t “how far Otocousticons may be improved, 
nor what other ways there may be of quickening our hearing, or con- 
veying sound through other bodies than the air.” “By very casual 
trials,” he tells us elsewhere, he had made some progress in this direc- 
tion, and was by no means convinced that they might not be prosecuted 
so far as to render audible noises made at the distance of the planets! 
Although acknowledging that to his own prejudices this seemed “a 
very extravagant conjecture, . . . yet methinks,” he adds, “I should have 


* Published by Sprat, “ History of the Royal Society,” p. 173. 
+ Pepys’s “ Diary,” vol. iv., p. 43, Bright’s edition. ¢ “ Micrographia,” preface. 
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had the same thoughts of a conjecture to find out a help for the eye to 
see the smaller parts and rocks of the moon,” and “ would fain persuade 
myself against concluding or building on the impossibility of such 
things as I am not able demonstrably to prove not possible.” * 

Of Hooke’s private and personal history there is little to be re- 
corded. His life might almost be comprised in two words—experi- 
ments and controversies. In 1664 Sir John Cutler instituted, especially 
for his benefit; a mechanical lecturership of fifty pounds a year ; in 
the following year he was appointed to the professorship of Geometry ¢ 
founded by Sir Thomas Gresham in 1575. His services as curator 
were remunerated by an annual stipend of thirty pounds, not perhaps 
very regularly paid, since we hear, on one occasion, that both he and 
Halley were offered, in lieu of their respective salaries, an equivalent 
number of copies of that unlucky “ History of Fishes,” by the publica- 
tion of which the Royal Society had drained their finances and cumbered 
their shelves. The famous controversy between Hooke and Hevelius 
on the subject of plain or telescopic sights, which agitated the learned 
world of Europe during many years, has long ago sunk into a silence 
we need not disturb. Hevelius was in the wrong, and obstinate ; 
Hooke was in the right, but offensive. Astronomers in general seemed 
disposed to prefer some slight uncertainty as to the position of the 
stars, to being bullied into precision by the magisterial little hunchback 
of Gresham College. The dispute remained long in the condition of 
a smoldering flame, with outbreaks of argument at distant intervals, 
and Halley’s mission of conciliation in 1679 helped to soothe the vanity 
of the irritated philosopher of Dantzic, but did not tend to rectify his 
method. 

We now come to the relations of Hooke with Newton. The first 
collision between these two remarkable men occurred on the subject 
of their respective optical discoveries. Hooke’s merits in this direc- 
tion were very considerable. He was the first to propound that view 
as to the nature of light now universally accepted under the name of 
the “undulatory theory.” He held that light is a “very short vibra- 
tive motion,” originating in an agitation of the minute particles of the 
luminous body, and propagated through a perfectly homogeneous and 
elastic medium “by direct or straight lines, extended every way, like 
rays from the center of a sphere, . .. just after the same manner 
(though indefinitely swifter) as the waves or rings on the surface of 
the water do swell into bigger and bigger circles about a point of it, 
where by the sinking of a stone the motion was begun.” { 

Further, he hit upon the principle of “interference,” which, neg- 


* “Of the True Method of building a Solid Philosophy,” “Posthumous Works,” 
p- 39. 

+ Hooke read the “ Gresham Lectures on Astronomy ” in 1664~-’65, during the absence in 
Italy of Professor Pope ; but never occupied that chair except as locum tenens. 

t “ Micrographia,” pp. 56, 57, 
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lected by Huygens and ignored by Newton, was destined, in the hands 
of Young and Fresnel, to afford demonstrative proof of the truth of the 
hypothesis roughly sketched by Hooke. In his “ Micrographia” (just- 
ly styled by Pepys “a most excellent piece”) he described, besides a 
series of beautiful observations with the microscope, the phenomenon 
known in optical treatises as the “colors of thin plates,” and with sin- 
gular sagacity declared it to form the experimentum crucis as regards 
chromatic light. These “fantastical” tints (which we may recognize 
every summer’s day in the iridescent glancing of some insect’s wing) 
Hooke diligently examined in soap-bubbles, in “ muscovy-glass ” (mica), 
in metallic films, and other similar substances. His explanation of 
what he observed contains a remarkable, although necessarily imper- 
fect, approximation to a cardinal truth in optics. By a double reflec- 
tion from two closely adjacent surfaces, he tells us,* the rays of light 
are broken up into “confused or duplicated pulses,” changing in tint 
with the varying thickness of the reflecting film. Thus, “colors begin 
to appear, when the pulses of light are blended so well and so near to- 
gether that the sense takes them for one.” + According to the modern 
doctrine of “ interference,” waves of light, pursuing each other at the 
distance of half an undulation, mutually destroy each other, and pro- 
duce darkness. But, because difference of color means difference of 
wave-length, a doubly-reflecting surface, by destroying or reénforcing, 
according to its varying thickness, undulations of certain lengths, ana- 
lyzes white light into the prismatic rays of which it is composed, and 
thus produces the appearances characteristic of “thin plates.” 

The flaw in Hooke’s theory was his erroneous idea as to the nature 
of color. And on this point we are unable to defend him from the 
charge of culpable ignorance. The true view was proposed to him, 
and he deliberately rejected it. The keystone of the arch he had 
attempted to build was offered to him, and he declined to set it in its 
place. On February 8, 1672, Newton’s memorable paper on the com- 
position of white light was read before the Royal Society. Had Hooke 
frankly accepted the discovery, and applied it as a bulwark to his 
own tottering hypothesis, his name would doubtless have sounded 
louder in the ears of posterity. But here his moral failings, as well as 
his intellectual shortcomings, interposed. He was, primarily, an ex- 
perimentalist. His delight was rather in the things than in the thoughts 
of Nature. The intimate relations of objects were of less account in 
his eyes than their external operation on the senses. Add to this the 
utilitarian tendency impressed upon physical researches by the Baco- 
nian precepts. In the preface to the “ Micrographia” Hooke described 
as follows the purposes of the Royal Society: “They do not wholly 
reject experiments of mere light and theory, but they principally aim 
at such, whose application will improve and facilitate the present way 
of manual arts.” And similar declarations were made by Boyle and 


* “ Micrographia,” p. 66. + “Posthumous Works,” p. 190. 
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other leading men of the time. Thus, in Hooke’s apprehension, the 
raison @étre of an hypothesis was not so much to suggest a physical 
connection of facts as to provide a convenient classification of experi- 
ments, and its most essential quality that it should be plausible, not 
that it should be true. 

His judgment was besides warped, even more than that of most 
men, by that intellectual egotism which, if it sometimes acts as a spur 
to progress, more often performs the office of a drag. His self-love 
blinded him to the real merits of his competitors. His own specula- 
tions loomed so large before him as to exclude from his field of view 
those of every other. Newton acknowledged that, if he saw farther 
than most men, it was “by standing on the shoulders.of giants.” 
Hooke thought his own mental stature sufficient to entitle him to re- 
ject such extraneous aids. He accordingly set aside without hesitation 
Newton’s discovery, offering his criticisms, not indeed discourteously, 
but with a certain air of superiority which not a little galled his sen- 
sitive antagonist. Matters were aggravated three years later when 
Newton published his beautiful explanation, on the emission hypothe- 
sis, of the colors of thin plates. Hooke declared that “the main of it 
was contained in the ‘ Micrographia,’” a remark extremely offensive 
to Newton, who, however, with his usual careful justice, immediately 
extended his somewhat scanty acknowledgment of his rival’s labors, 
by defining with scrupulous accuracy the measure in which he was in- 
debted to him. That Hooke was not devoid of generous sentiments 
appears from a letter which he wrote about this time to Newton, pro- 
posing a private correspondence on philosophical subjects.* In it he 
acknowledges the superior abilities of the great mathematician, pro- 
fesses a-dislike to contention, and hints that their relations had been 
embittered by the machinations of ill-disposed persons. (Oldenburg is 
evidently indicated.) Né¢wton’s reply was conceived in a correspond- 
ing spirit ; but the harmcny thus established was unhappily not last- 
ing. 

The problem of gravity was the supreme question of that time. It 
stood first among the orders of the day of the scientific council. It 
was instinctively felt that, until it should be disposed of, no real prog- 
ress could be made in physical knowledge. And, slowly but surely, 
the way was being prepared for a great discovery. Galileo had made 
Newton possible. Men’s ideas were gradually clarifying ; the great 
cosmical analogies, now so familiar, were step by step emerging out of 
the dusk of ignorance ; antiquated prepossessions were sinking, in a 
sediment of cloudy cavil, out of sight. Heaven was assimilated to 
earth, and earth to heaven ; the old gratuitous separation between the 
starry firmament over our heads and the solid globe under our feet 
was abolished by acclamation, and it was felt that the coming law, to 
be valid, must embrace in its operation the whole of the visible uni- 


* Brewster, “ Life of Newton,” vol. i., p. 138. 





790 THE POPULAR SCIENCE MONTHLY. 


verse. Toward this consummation Gilbert contributed something by 
his theory of universal magnetism ; and Galileo, as well as Bacon and 
Horrocks, foresaw that in this direction lay the coveted secret. In 
1645 the Abbé Boulliau (Bullialdus) actually announced* that the 
force by which the sun holds the planets in their orbits must vary as 
the inverse square of their distance from him; in 1666 Borelli published 
at Florence some suggestive speculations on the subject ;+ in England, 
Wallis, Wren, and Halley, all eagerly scanned the question, and all 
arrived at close approximations to the truth. But it was undoubtedly 
Hooke whose arrow flew nearest to the mark. The first definite pro- 
posal of the planetary revolutions as a problem in mechanics is due to 
him ; and it has been immemorially held that prudens questio est 
dimidium scientie. In a paper on “Gravity,” presented by him to 
the Royal Society, March 21, 1666, the following noteworthy passage 
occurs : 


If such a principle (central attraction) be supposed, all the phenomena of the 
planets seem possible to be explained by the common principle of mechanic mo- 
tions; and possibly the prosecuting this speculation may give us a true hypothe- 
sis of their motion, and, from some few observations, their motions may be so 
far brought to a certainty that we may be able to calculate them to the greatest 
exactness and certainty that can be desired.{ 


On this matter, at least, Hooke’s ideas were persistent and pro- 


gressive. In 1674 he announced a forthcoming “system of the world, 
answering in all things to the common rules of mechanical motions,” 
and founded on the three following suppositions : 


1. That all celestial bodies whatsoever have an attraction or gravitating pow- 
er towards their own centres, whereby they attract not only their own parts .. . 
but also all the other celestial bodies that are within the sphere of their activity. 
2. That all bodies whatsoever that are put into a direct and simple motion, will 
so continue to move forward in a straight line till they are, by some other effec- 
tual powers, deflected and sent into a motion describing a circle, ellipsis, or some 
other more compounded curve line. 3. That these attractive powers are so 
much the more powerful in operating by how much the nearer the body wrought 
upon is to their own centres. Now, what these several degrees are, I have not 
yet experimentally verified, but it is a notion which, if fully prosecuted, as it 
ought to be, will mightily assist the astronomer to reduce all the celestial motions 
to a certain rule, which I doubt will never be done without it. But this I durst 
promise the undertaker, that he will find all the great motions of the world to 
be influenced by this principle, and that the true understanding thereof will be 
the true perfection of astronomy.§ 


Our readers will perceive that he was at this time still at fault as 
to the rate of decrease of the central force ; but, some years later, this 


* “ Astronomia Philolaica,” Paris, 1645. 

+ “ Theorice Mediceorum Planetarum,” Florence, 1666. 

¢ Birch, “The History of the Royal Society,” vol. ii., p. 91. 
§ “ An Attempt to prove the Motion of the Earth,” p. 28. 
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too was divined by him—divined, not demonstrated. In 1679 he wrote 
to Newton, suggesting the law of inverse squares, or “reciprocal du- 
plicate proportion,” and it was this letter which led the Cambridge 
philosopher to “resume his former thoughts concerning the moon,” * 
He first, as is well known, attempted the problem of assimilating the 
force of gravity at the earth’s surface to the deflecting power exerted 
on the moon’s orbital motion, in 1665, when he “ gathered ” the dupli- 
cate proportion from Kepler’s third law ; but the defective data then 
at his command obliged him to suspend his speculations. Now, with 
the results of Picard’s improved degree measurement in his hands, he 
once more set his gigantic powers to their equally gigantic task. Hav- 
ing made some progress with the calculations, he, however, again 
“threw them by, being upon other studies” +; and it required a further 
fillip to induce him to complete them. It was given thus. 

One January day in 1684, Edmund Halley, a young and rising as- 
tronomer, having independently worked out the great problem so far 
as to perceive the necessity for the ratio of inverse squares, came to 
town from Islington, and, falling into discourse with Wren and Hooke 
on the subject, the latter “affirmed that upon that principle all the 
laws of the celestial motions were to be demonstrated, and that he 
himself had done it. I declared,” continues Halley,} “the ill-success 
of my attempts, and Sir Christopher, to encourage the enquiry, said 
that he would give Mr. Hooke some two months’ time to bring him a 
convincing demonstration thereof, and besides the honour, he of us that 
did it should have from him a present of a book of forty shillings. 
Mr. Hooke then said he had it, but should conceal it for some time, 
that others trying and failing might know how to value it when he 
should make it public. However, I remember that Sir Christopher 
was little satisfied that he could do it, and though Mr. Hooke then 
promised to show it him, I do not find that in that particular he has 
been so good as his word.” 

The two months’ interval allowed by Wren for the production of 
the desired solution elapsed four times over, and Hooke made no sign. 
Then, at last, Halley started for Cambridge, and laid the difficulty be- 
fore Newton. In after-life he was accustomed to boast that “he had 
been the Ulysses who produced this Achilles.” § For the result of his 
visit was the “ Principia.” 

The most painful passage in Hooke’s life now comes before us. 
When the first book of his rival’s immortal work was, on April 28, 
1686, received by the Royal Society with the applause which it de- 
served, he was unable to restrain his jealous disappointment within 
the bounds of moderation or decency. He quarreled with the Presi- 


* Brewster, “ Life of Newton,” vol. i., p. 291. 

+ Letter to Halley, quoted by Brewster, vol. i., p. 292. 

+ Letter to Newton, quoted by Brewster, vol. i., p. 293, note. 
§ Brewster, “Life of Newton,” vol. i., p. 298. 
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dent for overlooking his prior claims ; he endeavored to persuade the 
members that Newton was indebted to him for the first hint of a dis- 
covery which he pretended was but a small part of what he himself 
had conceived, and was engaged in perfecting ; he did not attempt to 
conceal that he regarded Newton’s triumph in the light of a personal 
injury. When this “strange carriage” was reported (probably with 
some exaggeration) to Newton, he was, not unreasonably, incensed, 
and wrote to Halley concerning it in somewhat acrimonious terms. 
Halley, who seems to have acted throughout a very creditable part, 
replied by urging that Hooke’s conduct had been represented in worse 
colors than it deserved ; whereupon Newton not only expressed his 
regret for the angry “ postscript to his last,” but agreed, with the view 
of “composing the dispute,” to insert into the text of his book the fol- 
lowing acknowledgment : 

“The inverse law of gravity holds in all the celestial motions, as 
was discovered also independently by my countrymen, Wren, Hooke, 
and Halley.” * 

How far Hooke was pacified by this concession does not appear ; 
but there is evidence that he continued, although in a lower key, to 
claim ownership in the discovery of gravity. It was, indeed, difficult 
for him to see with equanimity the great scientific prize of the century, 
which he had set before him as the crowning glory of his own career, 
carried off before his eyes by a swifter competitor ; and he could not 
be expected to recognize, what to us is evident enough, that his powers 
were wholly unequal to the unique achievement of his rival. The in- 
tuition of a discovery is one thing, its demonstration another ; and, 
while the one excites our interest and curiosity, it is to the other that 
we justly apportion our unqualified admiration. 

Between Hooke and Newton no further intercourse seems at any 
time to have been set on foot. If Hooke was jealous of Newton, New- 
ton was perhaps somewhat ungenerous toward Hooke. He recognized 
his merits with reluctance, and acknowledged his inventions only by 
compulsion. Broils and disquietudes, and the fomentors and origina- 
tors thereof, were in truth odious to him; and he was at all times dis- 
posed to conceal a discovery, rather than risk a controversy. “ Philos- 
ophy,” he wrote to Halley,+ “is such an impertinently litigious lady, 
that a man had as good be engaged in lawsuits as have to do with her.” 
Thus the turmoil raised by Hooke on the appearance of the first part 
of the “ Principia” inspired him with so deep a disgust that he seri- 
ously contemplated suppressing the remainder ; and he could never be 
induced to publish his work on “ Optics” until the death of his unquiet 
opponent had secured for it a peaceful reception. But the most sig- 
nificant fact as regards the relations of these two men is that Newton, 


* Scholium to the Fourth Proposition in First Book of “ Principia.” Brewster, “ Life 
of Newton,” vol. i., p. 311. 
+ Letter of June 20, 1686, “ Biographia Britannica,” article “ Halley.” 
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who, during Hooke’s lifetime had never sat at the council-table of the 
Royal Society, was, only a few months after his decease, elected both 
to that position and the still higher one of President, on the same day, 
November 30, 1703. 

Not much now remains to be said. Hooke’s growing infirmities 
of mind and body condemned him to isolation ; and isolation is the 
chosen ally of eccentricity. Repeated disappointments had aggravated 
the inherent moroseness of his disposition ; increasing ill health soured 
his naturally irritable temper ; and the death, in 1687, of his niece, 
Mrs. Grace Hooke—probably the only person in the world for whom 
he entertained a sincere attachment—broke the last link uniting him 
to every-day humanity. Still he pursued his investigations with a fe- 
verish energy that age and sickness seemed rather to. stimulate than to 
quell. His jealousy of piratical appropriation increased, with advanc- 
ing years, almost to a mania ; he enveloped his researches in a mysteri- 
ous reserve ; and many of the discoveries which he professed to have 
made, descended with him into the grave. Among these were a means 
of finding the longitude at sea, and a secret for perfecting all kinds of 
optical instruments. It might be conjectured, from the small size of 
some telescopes used by him, that this latter invention approached that 
of achromatism (made by Dollond in the middle of the following cen- 
tury); but, on the other hand, we find him laying it down as an axiom 
that increased power could only be obtained by increased focal length; 
and he is even said to have entertained as a possibility the construction 
of an instrument ten thousand feet long, which should bring into view 
the inhabitants of the moon! We can not, indeed, take his own word 
for his performances. He was probably not deliberately untruthful ; 
but he was sanguine as well as vain, and apt to discourse largely of 
results, toward which imagination pointed, but which reason had not 
yet grasped. The Royal Society, at any rate, so far believed his pro- 
fessions as to make him, in 1696, a grant for the purpose of complet- 
ing his researches and recording his discoveries. 'The remaining years 
of his life and his failing physical powers were dedicated, with almost 
insane zeal, to the task of raising an adequate monument to his experi- 
mental genius. Disease was powerless to divert him from his purpose; 
fatigue never seemed to approach him. Day after day, and night after 
night, he meditated, experimented, invented. For several years before 
his death, he was said never to have undressed or gone to bed. His 
limbs swelled, his brain reeled, his very eyesight failed ; but still he 
worked, and wrote, and dreamed of immortality. At length a sum- 
mons came which he was powerless to resist. He died on March 3, 
1703, unloved, unlamented, and, at least in his own apprehension, un- 
recognized. He died, as he had lived, haunted by unfulfilled hopes, 
and deluded with abortive projects. In the midst of voluntary desti- 
tution, he had cherished a magnificent design for the endowment of 
the Royal Society. But he left no testamentary disposition of his 
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hoarded wealth, which proved as barren after his death as it had been 
during his life. 

Imprisoned in his own egotism, he did not know how to contribute 
his quota generously to the long day’s labor of humanity. He sought 
to set his trade-mark on every thought. He would have desired a pat- 
ent of protection for every experiment. His work was in consequence 
visited with the curse of sterility. A slave to meum and tuwm—in 
his own words, “the great rudder of human affairs ”—his peevish rec- 
lamations were met with the inexorable Sic vos non vobis of ironical 
destiny. Of the innumerable inventions which he originated, scarcely 
one has been associated with his name. His suggestions bore fruit in 
the hands of others. His ideas were appropriated and perfected by 
his rivals. His experiments conferred luster on his successors. By 
tacit consent, his intellectual inheritance was divided, and his claims 
ignored. Newton took up the theory of light where he abandoned it, 
and left him far behind in the momentous search for the law of gravi- 
tation. Mayow carried forward the investigations which he had set on 
foot as to the purpose subserved by the air in respiration.* His method 
was used by Picard in 1670, with striking success, in his new measure- 
ment of the earth. His observations formed the basis upon which 
Bradley founded, in 1728, his discovery of the aberration of light. 
That his repeated disappointments and mischances were in any degree 
attributable to his own deficiencies, naturally did not occur to him. 
It was simpler and more consolatory to set them down to the prevalent 
malignity and injustice of mankind. Hence the deepening shade of 
misanthropy which enveloped in saturnine reserve the later years of 
his life. 

Nevertheless, Hooke was, in spite of conspicuous defects, by no 
means a bad man. His morals were irreproachable, his diligence was 
untiring, and his religious sentiments seem to have been unfeignedly 
devout. His faults were warpings of the mind, closely dependent, 
perhaps, on his unfortunate physical constitution. In spirit, as well as 
in person, Nature had set him somewhat awry. “Certainly,” writes 
Bacon, “ there is a consent between the body and the mind ; and where 
Nature erreth in the one, she ventureth in the other. Ubi peccat in 
uno, periclitatur in altero.” It was his misfortune that he could neither 
win sympathy nor inspire pity. His talents earned for him patronage ; 
but his peculiarities repelled friendship. He lived sixty-eight years 
without attaching to himself a single human being, and died only to 
make room for his rival. And yet his intellectual qualities did not de- 
mand admiration more than his moral failings claimed tenderness. 
For surely infirmity has been rarely combined with genius in more 
painful and pitiable guise than in Robert Hooke.—Edinburgh Review. 


* For an interesting account of Mayow’s experiments, see Miss Buckley’s “Short His- 
tory of Science,” p. 131. 
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CRITICISMS CORRECTED. 
By HERBERT SPENCER. 
IL TAIT AND KIRKMAN. 


NE way of estimating the validity of a critic’s judgments is that 
of studying his mental peculiarities as generally displayed. If 
he betrays idiosyncrasies of thought in his writings at large, it may be 
inferred that these idiosyncrasies possibly, if not probably, give a char- 
acter to the verdicts he passes upon the productions of others. I am led 
to make this remark by considering the probable connection between 
Professor Tait’s habit of mind as otherwise shown and as shown in the 
opinion he has tacitly expressed respecting the formula of evolution. 
Daily carrying on experimental researches, Professor Tait is pro- 
foundly impressed with the supreme value of the experimental method ; 
and has reached the conviction that by it alone can any physical knowl- 
edge be gained. Though he calls the ultimate truths of physics “ axi- 
oms,” yet, not very consistently, he alleges that only by observation 
and experiment can these “axioms” be known as such. Passing over 
this inconsistency, however, we have here to note the implied proposi- 
tion that, where no observation or experiment is possible, no physical 
truth can be established ; and, indeed, that in the absence of any pos- 
sibility of experiment or observation there is no basis for any physical 
belief at all. Now, “The Unseen Universe,” a work written by him 
in conjunction with Professor Balfour Stewart, contains an elaborate 
argument concerning the relations between the universe which is 
visible to us and an invisible universe. This argument, carried on in 
pursuance of physical laws established by converse with the universe 
we know, extends them to the universe we do not know: the law of 
the conservation of energy, for example, being regarded as common 
to the two, and the principle of continuity, which is traced among 
perceptible phenomena, being assumed to hold likewise of the imper- 
ceptible. On the strength of these reasonings, conclusions are drawn 
which are considered as at least probable : support is found for certain 
theological beliefs. Now, clearly, the relation between the seen and 
the unseen universes can not be the subject of any observation or ex- 
periment ; since, by the definition of it, one term of the relation is 
absent. If we have, then,.no warrant for asserting a physical axiom 
save as a generalization of results of experiments—if, consequently, 
where no observation or experiment is possible, reasoning after physical 
methods can have no place—then there can be no basis for any con- 
clusion respecting the physical relations of the seen and the unseen 
universes. Not so, however, concludes Professor Tait. He thinks 
that, while no validity can be claimed for our judgments respecting 
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perceived forces, save as experimentally justified, some validity can be 
claimed for our judgments respecting unperceived forces, where no 
experimental justification is possible. 

The peculiarity thus exhibited in Professor Tait’s general thinking 
is exhibited also in some of his thinking on those special topics with 
which he is directly concerned as a Professor of Physics. An instance 
was given by Professor Clerk-Maxwell when reviewing, in “ Nature,” 
for July 3, 1879, the new edition (1879) of Thomson and Tait’s “Treatise 
on Natural Philosophy.” Professor Clerk-Maxwell writes: “ Again, 
at page 222, the capacity of the student is called upon to accept the 
following statement : ‘ Matter has an innate power of resisting external 
influences, so that every body, as far as it can, remains at rest or moves 
uniformly in a straight line.’ Is it a fact that ‘matter’ has any power, 
either innate or acquired, of resisting externalinfluences?” And, to 
Professor Clerk-Maxwell’s question thus put, the answer of one not hav- 
ing a like mental peculiarity with Professor Tait must surely be—No. 

But the most remarkable example of Professor Tait’s mode of 
thought, as exhibited in his own department, is contained in a lecture 
which he gave at Glasgow when the British Association last met there 
(see “ Nature,” September 21, 1876)—a lecture given for the purpose of 
dispelling certain erroneous conceptions of force commonly entertained. 
Asking how the word force “is to be correctly used,” he says: “ Here 
we can not but consult Newton. The sense in which he uses the word 
‘force,’ and therefore the sense in which we must continue to use it 
if we desire to avoid intellectual confusion, will appear clearly from a 
brief consideration of his simple statement of the laws of motion. The 
first of these laws is: Hvery body continues in its state of rest or of 
uniform motion in a straight line, except in so far as it is compelled 
by impressed forces to change that state.” Thus Professor Tait quotes, 
and fully approves, that conception of force which regards it as some- 
thing which changes the state of a body. Later on in the course of 
his lecture, after variously setting forth his views of how force is right- 
ly to be conceived, he says, “ Force is the rate at which an agent does 
work per unit of length.” Now let us compare these two definitions of 
force. It is first, on the authority of Newton emphatically endorsed, 
said to be that which changes the state of a body. Then it is said to 
be the rate at which an agent does work (doing work being equivalent to 
changing a body’s state). In the one case, therefore, force itself is the 
agent which does the work or changes the state ; in the other case, 
force is the rate at which some other agent does the work or changes 
the state. How are these statements to be reconciled? Otherwise 
put, the difficulty stands thus : force is that which changes the state of 
a body ; force is a rate, and a rate is a relation (as between time and 
distance, interest and capital) ; therefore a relation changes the state 
of a body. A relation is no longer a nexus among phenomena, but 
becomes a producer of phenomena. Whether Professor Tait succeeded 
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in dispelling “the widespread ignorance as to some of the most im- 
portant elementary principles of physics,” whether his audience went 
away with clear ideas of the “much-abused and misunderstood term” 
force, the report does not tell us. 

Let us pass now from these illustration of Professor Tait’s judg- 
ment, as exhibited in his special department, to the consideration of 
his judgment on a wider question here before us—the formula of evo- 
lution. In “ Nature,” for July 17, 1879, while reviewing Sir Edmund 
Beckett’s “Origin of the Laws of Nature,” and praising it, he says of 
the author: “He follows, in fact, in his own way, the hint giyen by 
a great mathematician (Kirkman), who made the following exquisite 
translation of a well-known definition : ‘Evolution is a change from an 
indefinite, incoherent homogeneity to a definite, coherent heterogeneity, 
through continuous differentiations and integrations.’* [ Zranslation 
into plain English :] Evolution is a change from a nohowish, untalk- 
aboutable all-alikeness to a somehowish and in-general-talkaboutable 
not-all alikeness, by continuous somethingelseifications and stickto- 
getherations.” 

Professor Tait, proceeding then to quote from Sir Edmund Beck- 
ett’s book. passages in which, as he thinks, there is a kindred tearing 
off of disguises from the expressions used by other authors, winds up 
by saying—‘“ When the purposely vague statements of the materialists 
and agnostics are thus stripped of the tinsel of high-flown and unintel- 
ligible language, the eyes of the thoughtless who have accepted them 
on authority (!) are at last opened, and they are ready to exclaim with 
Titania, methinks, ‘I was enamored of an ass.’” And that Mr. Kirk- 
man similarly believes that his travesty proves the formula of evolution 
to be meaningless, is shown by the sentence which follows it: “Can 
any man show that my translation is unfair?” 

One would have thought that Mr. Kirkman and Professor Tait, 
however narrowly they limited themselves to their special lines of 
inquiry, could hardly have avoided observing that in proportion as 
scientific terms express wider generalities, they necessarily lose that 
vividness of suggestion which words of concrete meanings have ; and, 
therefore, to the uninitiated seem vague, or even empty. If Professor 
Tait enunciated to a rustic the physical axiom, “action and reaction 
are equal and opposite,” the rustic might, not improbably, fail to form 
any corresponding idea. And he might, if his self-confidence were 
akin to that of Mr. Kirkman, conclude that where he saw no meaning 


* A conscientious critic usually consults the latest edition of the work he criticises, 
so that the author may have the benefit of any corrections or alterations he has made. 
Apparently, Mr. Kirkman does not think such a precaution needful. Publishing, in 1876, 
his “ Philosophy without Assumptions,” from which the above passage is taken, he quotes 
from the first edition of “First Principles,” published in 1862; though in the edition of 
1867, and all subsequent ones, the definition is, in expression, considerably modified— 
two of the leading words being no longer used. 
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there could be no meaning. Further, if, after the axiom had been 
brought partially within his comprehension by an example, he were to 
laugh at the learned words used and propose to say instead, “shoving 
and back-shoving are one as strong as the other,” it would possibly be 
held by Professor Tait that this way of putting it is hardly satisfactory. 
If he thought it worth while to enlighten the rustic, he might, perhaps, 
point out to him that his statement did not include all the facts—that 
not only shoving and back-shoving, but also pulling and back-pulling, are 
one as strong as the other. Supposing the rustic were not too conceited, 
he might eventually be taught that the abstract, and to him seemingly 
vague, formula, “action and reaction are equal and opposite,” was 
chosen because by no words of a more specific kind could be ex- 
pressed the truth in its entirety. Professor Tait, however, and Mr. 
Kirkman, though the physical and mathematical terms they daily 
employ are so highly abstract as to prove meaningless to those who 
are unfamiliar with the concrete facts covered by them, seem not to 
have drawn any general inference from this habitual experience. For, 
had they done so, they must have been aware that a formula express- 
ing all orders of changes in their general course—astronomic, geologic, 
biologic, psychologic, sociologic—could not possibly be framed in any 
other than words of the highest abstractness. Perhaps there may 
come the rejoinder that they do not believe any such universal for- 
mula is possible. Perhaps they will say that the on-going of things, as 
shown in our planetary system, has nothing in common with the on- 
going of things which has brought the earth’s crust to its present state, 
and that this has nothing in common with the on-going of things which 
the growths and actions of living bodies show us ; although, consider- 
ing that the laws of molar motion and the laws of molecular action 
are proved to hold true of them all, it requires considerable courage 
to assert that the modes of codperation of the physical forces in these 
several regions of phenomena present no traits in common. But, 
unless they allege that there is one law for the redistribution of mat- 
ter and motion in the heavens, and another law for the redistribution 
of matter and motion in the earth’s inorganic masses, and another law 
for its organic masses—unless they assert that the transformation 
everywhere in progress follows here one method and t. >-re another— 
they must admit that the proposition which expresses the general 
course of the transformation can do it only in terms remote in the 
extremest degree from words suggesting definite objects and actions. 
After noting the unconsciousness thus betrayed by Mr. Kirkman 
and Professor Tait, that the expression of highly abstract truths neces- 
sitates highly abstract words, we may go on to note a scarcely less 
remarkable anomaly of thought shown by them. Mr. Kirkman ap- 
pears to think, and Professor Tait apparently agrees with him in 
thinking, that when one of these abstract words, coined from Greek or 
Latin roots, is transformed into an uncouth-looking combination of 
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equivalents of Saxon, or rather old English origin, what they regard as 
its misleading glamour is thereby dissipated and its meaninglessness 
made manifest. We may conveniently observe the nature of Mr. 
Kirkman’s belief by listening to an imaginary addition to that address 
before the Literary and Philosophical Society of Liverpool in which 
he first set forth the leading ideas of his volume ; and we may fitly, in 
this imaginary addition, adopt the manner in which he delights : 
“Observe, gentlemen,” we may suppose him saying, “I have here 
the yolk of anegg. The evolutionists—using their jargon—say that 
one of its characters is ‘homogeneity ’ ; and, if you do not examine your 
thoughts, perhaps you may think that the word conveys some idea. 
But, now if I translate it into plain English, and say that one of the 
characters of this yolk is ‘ all-alikeness,’ you at once perceive how non- 
sensical is their statement. You see that the substance of the yolk is 
not all-alike, and that therefore all-alikeness can not be one of its at- 
tributes. Similarly with the other pretentious term, ‘heterogeneity,’ 
which, according to them, describes the state things are brought to by 
what they call evolution. It is mere empty sound, as is manifest if I 
do but transform it, as I did the other, and say instead ‘ not-all-alike- 
ness.’ For, on showing you this chick, into which the yolk of the egg 
turns, you will see that ‘ not-all-alikeness’ is a character which can not 
be claimed for it. How can any one say that the parts of the chick 
are not-all-alike? Again, in their blatant language we are told that 
evolution is carried on by continuous ‘differentiations’; and they 
would have us believe that this word expresses some fact. But, if we 
put instead of it ‘somethingelseifications,’ the delusion they try to 
practice on us becomes clear. How can they say that while the parts 
have been forming themselves the heart has been becoming something 
else than the stomach, and the leg something else than the wing, and 
the head something else than the tail? The like manifestly happens 
when for ‘integrations’ we read ‘sticktogetherations’: what sense 
the term might seem to have becomes obvious nonsense when the sub- 
stituted word is used. For nobody dares assert that the parts of the 
chick stick together any more than do the parts of the yolk. I need 
hardly show you that now when I take a portion of the yolk between 
my fingers and pull, and now when I take any part of the chick, as 
the leg, and pull, the first resists just as much as the last, the last does 
not stick together any more than the first ; so that there has been no 
progress in ‘sticktogetherations.’ And thus, gentlemen, you perceive 
that these big words which, to the disgrace of the Royal Society, ap- 
pear even in papers published by it, are mere empty bladders, which 
these would-be philosophers use to buoy up their ridiculous doctrines.” 
There is a further curious mental trait exhibited by Mr. Kirkman, 
and which Professor Tait appears to have in common with him. Very 
truly it has been remarked that there is a great difference between dis- 
closing the absurdities contained in a thing and piling absurdities upon 
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it ; and a remark to be added is that some minds appear incapable of 
distinguishing between intrinsic absurdity and extrinsic absurdity. 
The case before us illustrates this remark ; and at the same time 
shows us how analytical faculties of one kind may be constantly exer- 
cised without strengthening analytical faculties of another kind—how 
mathematical analysis may be daily practiced without ary skill in 
psychological analysis being acquired. For, if these gentlemen had 
analyzed their own thoughts to any purpose, they would have known 
that incongruous juxtapositions may, by association of ideas, suggest 
characters that do not at all belong to the things juxtaposed. Did Mr. 
Kirkman ever observe the result of putting a bonnet on a nude statue? 
If he ever did, and if he then reasoned after the manner exemplified 
above, he doubtless concluded that the obscene effect belonged intrin- 
sically to the statue, and only required the addition of the bonnet to 
make it conspicuous. The alternative conclusion, however, which per- 
haps most will draw, is that not in the statue itself was there anything 
of an obscene suggestion, but that this effect was purely adventitious : 
the bonnet, connected in daily experience with living women, calling 
up the thought of a living woman with the head dressed but otherwise 
naked. Similarly though, by clothing an idea in words which excite a 
feeling of the ludicrous by their oddity, any one may associate this 
feeling of the ludicrous with the idea itself, yet he does not thereby 
make the idea ludicrous ; and, if he thinks he does, he shows that he 
has not practiced introspection to much purpose. 

By way of a lesson in mental discipline, it may be not uninstructive 
here to note a curious kinship of opinion between these two mathema- 
ticians and two /ittérateurs. At first sight it appears strange that men, 
whose lives are passed in studies so absolutely scientific as those which 
Professor Tait and Mr. Kirkman pursue, should, in their judgments on 
the formula of evolution, be at one with two men of exclusively literary 
culture—a North American Reviewer and Mr. Matthew Arnold. In 
the “ North American Review,” vol. cxx., page 202, a critic, after quot- 
ing the formula of evolution, says, “ This may be all true, but it seems 
at best rather the blank form for a universe than anything correspond- 
ing to the actual world about us.” On which the comment may be, 
that one, who had studied celestial mechanics as much as the critic has 
studied the general course of transformations, might similarly have 
remarked that the formula, “ bodies attract one another directly as 
their masses and inversely as the squares of their distances,” was at 
best but a blank form for solar systems and sidereal clusters. With this 
parenthetical comment, I pass to the fact above hinted, that. Mr. Mat- 
thew Arnold obviously coincides with the critic’s estimate of the for- 
mula. In Chapter V. of his work “ God and the Bible,” when prepar- 
ing the way for a criticism on German theologians as losing them- 
selves in words, he quotes a saying from Homer. This he introduces 
by remarking that “it is not at all a grand one. We are almost 
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ashamed to quote it to readers who may have come fresh from the last 
number of the ‘ North American Review,’ and from the great sentence 
there quoted as summing up Mr. Herbert Spencer’s theory of evolution, 
‘Evolution is, etc.’ Homer’s poor little saying comes not in such for- 
midable shape. It is only this: Wide is the range of words! words 
may make this way or that way.” And then he proceeds with his re- 
flections upon German logomachies. All of which makes it manifest 
that, going out of his way, as he does, to quote this formula from the 
“North American Review,” he intends tacitly to indicate his agree- 
ment in the reviewer’s estimate of it. 

That these two men of letters, like the two mathematicians, are 
unable to frame ideas answering to the words in which evolution at 
large is expressed, seems manifest. In all four, the verbal symbols 
used call up either no images, or images of the vaguest kinds, which, 
grouped together, form but the most shadowy thoughts. If, now, we 
ask what is the common trait in the education and pursuits of all four, 
we see it to be lack of familiarity with those complex processes of 
change which the concrete sciences bring before us. The men of let- 
ters, in their early days dieted on grammars and lexicons, and in their 
later days occupied with belles-lettres, biography, and a history made 
up mainly of personalities, are by their education and course of life 
left almost without scientific ideas of a definite kind. The universality 
of physical causation, the interpretation of all things in terms of a 
never-ceasing redistribution of matter and motion, is naturally to them 
an idea utterly alien. The mathematician, too, and the mathematical 
physicist, occupied exclusively with the phenomena of number, space, 
and time, or, in dealing with forces, dealing with them in the abstract, 
carry on their researches in such ways as may, and often do, leave 
them quite unconscious of the traits exhibited by the general transfor- 
mations which things, individually and in their totality, undergo. In 
a chapter on “ Discipline,” in the “Study of Sociology,” I have com- 
mented upon the uses of the several groups of sciences—abstract, ab- 
stract-concrete, and concrete—in cultivating different powers of mind ; 
and have argued that while, for complete preparation, the discipline 
of each group of sciences is indispensable, the discipline of any one 
group alone, or any two groups, leaves certain defects of judgment, 
Especially have I contrasted the analytical, habit of thought which 
study of the abstract and abstract-concrete sciences produces with the 
synthetical habit of thought produced by study of the concrete sci- 
ences. And I have exemplified the defects of judgment to which the 
analytical habit, unqualified by the synthetical ‘habit, leads. Here we 
meet with a striking illustration. Scientific culture of the analytical 
kind, almost as much as absence of scientific culture, leaves the mind 
bare of those ideas with which the concrete sciences deal. Exclusive fa- 
miliarity with the forms and factors of phenomena no more fits men for 
dealing with the products in their totalities than does mere literary study. 

VOL, XV11.—45 
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THE INDIA-RUBBER INDUSTRIES.* 
By THOMAS BOLAS, F.C. 8. 


NDIA-RUBBER, or caoutchouc, possesses properties so widely 
different from those of most other substances that it became an 
object of very great interest as soon as it made its appear*nce in the 
civilized world, and its industrial importance has rapidly :. ased as 
the knowledge of its remarkable characters and manifold applicability 
has become more extended. At the present time, caoutchouc holds 
such an important position with regard to the economy of modern arts 
and manufactures, that, were it suddenly to be withdrawn from circu- 
lation, many minor industries would in consequence cease to exist ; 
while numerous large and important branches of handicraft would lan- 
guish until arrangements could be made to adapt their operations to 
the altered circumstances. 

It is, however, during the last forty years that India-rubber has 
enjoyed its greatest triumphs as an industrial agent—that is to say, 
since the art of vulcanization was discovered and perfected by the 
labors of Charles Goodyear, Thomas Hancock, and others. 

The earliest rumor of the existence of caoutchoue reached Europe 
nearly five hundred years ago; the first visit of Columbus to Hayti 
having brought to light the fact that the natives of this island were in 
the habit of making playing-balls of an elastic gum. Nothing more 
appears to have been heard of India-rubber until Torquemada, rather 
over two hundred and fifty years ago, described the Mexican Indians as 
not only making playing-balls of India-rubber, but also as fabricating 
helmets, shoes, water-proof fabrics, and other articles of elastic gum. 
This writer gives some details as to the collection of the juice and the 
making of various articles from it, thus giving us the first view of the 
India-rubber manufacture as a branch of industry. We do not hear, 
hewever, of samples of India-rubber reaching Europe until long after 
this, and little more appears to have been learned regarding the sub- 
stance until the celebrated French naturalist, La Condamine, made a 
communication to the Academy of Sciences at Paris concerning caout- 
chouc, he having had ample opportunities of studying the subject in 
Para. In the memoir in question, La Condamine gives very detailed 
particulars regarding the Para India-rubber tree, the collection and 
treatment of the juice, and the methods made use of by the natives 
for the production of various articles of caoutchouc. He tells us that 
the substance in question was used for making torches, these being 
only an inch and a half in diameter by two feet long, and yet burning 
for twelve hours. Again we hear of the use of India-rubber for the 
making of playing-balls, and it appears that the natives were in the 
habit of using enema or injection bottles made of caoutchouc. 


* Lecture before the London Society of Arts. 
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Soon after La Condamine’s communication to the Academy of 
Sciences, samples of India-rubber frequently reached Europe, and 
scientific men began to make investigations regarding this remarkable 
body. Between 1760 and 1770 we find Fresneau and Macquer study- 
ing the subject, and the last-named investigator made tubes and other 
articles of caoutchouc by dissolving it in ether and coating molds with 
the solution, so that a solid skin of caoutchouc should remain adherent 
to the mold on the evaporation of the solvent. 

From this time until the end of the eighteenth century, the India- 
rubber industry may be considered to have been undergoing its period 
of gestation, and to have been born with the dawn of the present cen- 
tury. Among the first of the important patents regarding the utiliza- 
tion of caoutchouc is that granted in 1823 to Charles Macintosh, for 
dissolving the substance in coal-oil, or coal-naphtha, and the use of 
this solution as a water-proofing agent. I have here a specimen of 
such a solution, as now manufactured by Messrs. Charles Macintosh 
and Co., of Manchester, together with some examples illustrating its 
uses. 

About the same time, elastic webbing was first made with threads 
cut from the raw rubber, and other minor applications of caoutchouc 
to the industrial arts were adopted from time to time, until the great 
discovery of vulcanization inaugurated a new epoch in this branch of 
industry, rendering it possible to so far alter caoutchouc as to make 
it capable of resisting, to a great extent, the action of heat on the one 
hand and cold on the other hand. 

The milky sap of many plants contains caoutchouc, suspended in 
the form of minute transparent globules, these being frequently as 
small as syhyy to gy4yq Of an inch in diameter ; but comparatively few 
plants contain sufficient caoutchouc to render them important sources 
of this body. 

The trees which yield the largest supply of the best quality of 
caoutchouc consist of various species of hevea, which flourish in the 
northern districts of South America, especially in the province of Para, 
some portions of the valley of the Amazon being crowded to an ex- 
traordinary extent with heveas. The abundance of the India-rubber 
trees in Para may be judged of by the fact that this province alone ex- 
ported 7,340 tons of caoutchouc in the year 1877, more than half of 
this being sent to Liverpool. 

Among the heveas most productive of caoutchouc may be men- 
tioned the Hevea Brasiliensis, which flourishes in Para, and yields 
some of the finest caoutchouc, and often attains a height of sixty to 
seventy feet, with a diameter of nearly three feet ; the Hevea Guia- 
nensis, a similarly magnificent tree, likewise abundantly productive of 
caoutchouc ; and the Hevea spruceana, a smaller tree, which grows 
almost exclusively in the province of Para. Fig. 1 represents the flow- 
ers and foliage of Hevea Guianensis. 
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In the operation of collecting the juice several cuts are made through 
the bark of the tree, and either shells or clay vessels are attached to 
receive the exuding milky sap. When sufficient of this has been col- 
lected, the operation of drying it is performed as follows : A kind of 
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Fie. 1.—Hevea GUIANENSIS (FLOWER AND FOLIAGE). 


wooden bat, thinly covered over with clay, is dipped into a pail filled 
with the juice, and the bat, thus coated, is held over a fire, fed with 
certain wild nuts, which, .in burning, give off abundance of aromatic 
smoke. Fig. 2 represents this operation, and you will see that a kind 
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of short chimney is fixed over the fire to lead the smoke compactly 
upward. As soon as the first layer of juice has become indurated, 
the bat is again dipped, and the drying operation is repeated, layer 
after layer being thus dried on the bat, until a thickness of nearly an 
inch is attained. A knife-cut is now made in the bottle or biscuit of 
caoutchouc thus obtained, so that it can be removed from the wooden 
bat, and exposed to the air to become still further indurated. Para 
caoutchouc, prepared in this manuer, has a fragrant, aromatic odor, 
which you can study for yourselves in the samples now before you. 

The residues of juice left in the various vessels employed, the scrap- 
ings of the incisions, together with other materials, which the ingen- 
ious native thinks he can shuffle off on the unsuspecting merchant 
as caoutchouc, are made into balls, and sold as “negro-head.” The 
negro-head rubber is frequently made into crude representations of 
animals, and there are, several such works of native art on the table— 
as, for example, this specimen, which will pass about equally well for 
a horse, a pig, or a crocodile. 

Here is a piece of Para bottle-rubber, which has been boiled for 
some hours in water, and you see that it is now so far softened as to 
render it easy to pull asunder the several layers of which it is com- 
posed, its laminated structure being thus very well illustrated. 

The milky juice of the Para rubber trees, of which you see a speci- 
men before you, has approximately the following composition : 


CURIE 0650s bc daddies sccceduscccsbedGngesseecessgoabaeetes che 82 
Albuminous, extractive, and saline matters 
Water. 


As a rubber-producing tree, the Ficus elastica stands next in im- 
portance of the heveas. The Ficus elastica grows abundantly in India 
and the East Indian Islands, one district in Assam, thirty miles long 
by eight miles wide, being said to contain 43,000 trees, many of them 
attaining a height of a hundred feet. This tree also grows freely in 
Madagascar, and it is well known to us as a greenhouse plant. Fig. 
3 represents a Ficus elastica now growing out of doors in the Parc 
Monceau at Paris. 

The juice of the Ficus elastica contains notably less caoutchouc 
than that of the American trees, the proportion very often falling as 
low as ten per cent. of the juice. 

A vine-like plant, the Urceola elastica, which grows abundantly in 
Madagascar, Borneo, Singapore, Sumatra, Penang, and other places, 
yields a considerable amount of caoutchouc of very good quality. Af- 
rica yields a considerable quantity of caoutchouc, but generally soft 
and of inferior quality. It is believed to be yielded by various species 
of landolphia, ficus, and toxicophlea. Here are some specimens of 
African rubber—this specimen, representing the quality known as 
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African ball, being tolerably firm in consistency, while the African 
flake, which you see here, and the African tongue, represent the lowest 
and most viscous qualities of commercial rubber. 

The commercial value of the various qualities of rubber may be 
estimated, to a certain extent, by noting the loss which the samples 
undergo during the operation of washing, and also by noticing how 
far the various samples are softened by a long-continued gentle heat. 
Here are some samples which have been heated for some hours in this 
water-oven ; you will notice that the African tongue has become al- 
most as soft as treacle, while the Para rubber still retains its form 
and much of its consistency. 

Caoutchouc is nearly colorless, and when in thin leaves tolerably 
transparent. It, like very many other substances, contains nothing but 
carbon and hydrogen, but its properties differ very widely from those 
of other hydrocarbons almost identical in composition. It has been 
found to contain, in one hundred parts, 12°5 of hydrogen and 87°5 of 
carbon. Caoutchouc, as might be supposed, burns very readily and 
leaves no residue ; if I set fire to a few ounces, you see how it blazes 
up. It is soft, and very imperfectly elastic, in the true sense of the 
term—that is to say, it does not return to its old dimensions after 
having been considerably stretched. Here is a strip of pure (i. e., un- 
vulcanized) caoutchouc a foot long ; you see that I have stretched it 
to a length of three feet, and, after holding it stretched for a few 
seconds, I relax it. It now measures, as you see, several inches over 
the foot. The elasticity of caoutchouc may be enormously increased 
by vulcanization. 

As regards the stretching of India-rubber, there is a point at which 
it requires a greatly increased force to stretch it, and at this point it 
seems to become fibrous in texture, as you may perceive by examiniug 
this extended sample by the aid of a magnifying-lens. India-rubber 
has valuable electrical properties, as you are no doubt aware, it being 
an admirable insulator, and having a great tendency to become elec- 
trical by friction. 

Freshly cut surfaces of India-rubber cohere very strongly when 
brought into contact, and this is well illustrated by the old way of 
making a tube of unvulcanized caoutchouc. You see that I wrap a 
sheet of caoutchouc round a mandrel, so that the edges project parallel 
toeach other. These parallel edges being cut off by means of scissors, 
the freshly cut edges adhere, and a perfect tube is the result. Toy 
balloons are made in a somewhat analogous manner, and are cold vul- 
canized afterward. 

Either French chalk or soapy water is of constant use in the rubber- 
factories, to prevent the adhesion of new surfaces of caoutchouc to 
each other, or to other substances. 

Cold has a remarkable effect on caoutchouc, rendering it rigid and 
inelastic, and this circumstance considerably detracts from the value 
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of unvulcanized India-rubber. Here is a strip of India-rubber ; you 
see that it is quite soft and pliable. I will now expose it for a few 
minutes to a temperature of 0° Centigrade, or the freezing-point of 








Fie. 2.—THE OPERATION OF DRYING THE INDIA-RUBBER JUICE. 


water. It becomes, as you see, rigid and stiff, but its original pliability 
may be restored, either by warming, or by applying sufficient tensile 
strain to it, to extend it to three or four times its length. One half 
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of this strip I will warm in water, heated to 50° Cent., and the other 
I will stretch. In each case you see that the caoutchouc is restored 
to its original condition. In the case of the stretching it is very 
likely that the effect is due to the heat evolved during that operation. 
It is easy to illustrate the fact that heat is produced when India-rubber 
is subjected to tension. Here are some strips of India-rubber, arranged 
side by side on a board. I bring them in contact with the bulb of an 
air-thermometer, and you see that there is no indication of either heat 
or cold. The strips of India-rubber being now stretched to four or 
five times their previous length, the air-thermometer indicates a con- 
siderable rise of temperature. Here is a similar set of strips, which 
were stretched some hours ago, and which on trial by the air-ther- 
mometer we now find to have cooled down to the temperature of the 
surrounding objects. Note the effect of releasing the tension and al- 
lowing the rubber strips to contract. You see that they have become 
so cold as to influence the air-thermometer to a very considerable 
extent. 

The effects of heat on India-rubber present many points of interest, 
and, in the first place, I wish to illustrate to you the effect of moderate 
heat on a stretched band of caoutchouc. Here is such a band, one end 
being attached to an index, pointing, at the present time, to the zero 
of this paper scale. Notice the consequence of applying a gentle heat 
to the caoutchouc band—it contracts as regards its length, but expands 
in a transverse direction, causing the index to move rapidly through a 
space of several degrees. This property, which stretched caoutchouc 
possesses, of contracting by heat, may be described by saying that, 
within certain limits, the tensile elasticity of caoutchouc is increased 
by an elevation of temperature. Caoutchouc, however, if heated to 
100° Cent., softens considerably, and almost entirely loses its elas- 
ticity, as you will perceive by examining this sample, which has been 
heated for some hours; while a heat of 120° Cent. produces a most 
decided softening effect on caoutchouc of the best quality, but after 
exposure to this temperature, it recovers its pristine state by expos- 
ure to cold for a moderate period. If, however, the action of heat 
has been pushed still further, say to 200 Cent., the caoutchouc be- 
comes converted into a permanently viscous body, which has little or 
no tendency to harden again. This viscous substance possesses, the 
same composition as unaltered caoutchouc, and is of value as a medium 
for making air-tight joints, which can be easily undone. This glass 
jar has its top edge ground level, and, after applying a little of the 
heated caoutchouc to the ground edge, the jar may, as you see, be her- 
metically closed by a disk of plate-glass. A joint of this kind may be 
broken and remade with the utmost facility and rapidity. 

When caoutchouc is subjected to a temperature somewhat above 
200 Cent., it becomes converted into a variety of volatile hydrocar- 
bons, which present many points of interest, and you will find a toler- 
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ably full account of them in the manuals of chemistry, In this retort, 
the dry distillation of caoutchouc is being carried on, and in time 
very nearly the whole of the India-rubber will be converted into 
the mixture of oily hydrocarbons, only an insignificant carbonaceous 
‘residue remaining in the retort. The mixture of volatile hydrocar- 
bons, often referred to as caoutchoucine, forms a very good solvent for 
caoutchouc and certain resinous bodies. 

India-rubber is subject to two kinds of deterioration and decay. In 
one instance it tends to become soft, and loses its elasticity, while in 
the other it becomes friable, yellowish, and resinous in its nature. Ex- 
amples of each kind of deteriorated rubber are on the table, and you 
will notice that, in the case of this specimen, we have a well-marked 
instance of both kinds of deterioration going on side by side. The 
last-mentioned kind of deterioration has been clearly and indubitably 
traced to an oxidation of the caoutchouc. This oxidation is tolerably 
rapid when. the caoutchouc exists in a finely divided state, and when 
it is exposed to damp at the same time; but the alternate damping 
and drying of the caoutchouc tends more toward its rapid oxidation 
than does a continual state of dampness. The resinous matter result- 
ing from the oxidation of caoutchouc has been carefully studied by 
Spiller, who found that a sample of felt, originally composed of cotton 
fibers and India-rubber, had become so far changed during six years 
as to contain no trace of caoutchouc ; but in its place he found a res- 
inous substance resembling shellac. This resinous body, of which a 
sample is before you is easily soluble in alcohol, and also dissolves in 
benzole. Alkalies dissolve it readily, and acids precipitate it from the 
alkaline solution. It contains 27°3 per cent. of oxygen. 

The conditions under which the softening of the India-rubber takes 
place are not so well understood, but there is some reason to believe 
that this is due to incipient oxidation. 

Ozone oxidizes caoutchouc with extreme rapidity, as Warren pointed 
out in 1877, and I have arranged a simple experiment to illustrate this 
fact. Through the open end of this glass passes a slow stream of air 
which has been slightly ozonized ; that is to say, a portion of its oxy- 
gen has been converted into ozone. When the stream of ozonized air 
is allowed to impinge on a surface of India-rubber, you see that the sur- 
face is instantly corroded and roughened. Again, note the effect of 
allowing the ozonized air to act on the surface of a distended caout- 
chouc balloon—you see that it bursts immediately. I should mention, 
by the by, that in the case of these balloons the caoutchouc is slightly 
vulcanized, but the action of ozone on vulcanized India-rubber is simi- 
lar to its action on the unvulcanized material. 

It is extremely probable that the rapid deterioration of caoutchouc, 
which is known to take place under conditions which are not perfectly 
understood, is frequently due to the corrosive and oxidizing action of 
ozone. 
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Ozone, or some agent nearly resembling it, is often produced when 
oil of turpentine is exposed to the air, and this circumstance may per- 
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haps explain the destructive influence which oil of turpentine occasion- 
ally exercises on India-rubber. 


Exposure to sunlight often causes the destruction of India-rubber, 
either converting it into a soft and sticky substance, or into a hard 
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body, less soluble in benzole than unaltered caoutchouc ; and it is quite 
possible to obtain a photographic print by exposing a film of India- 
rubber under a negative, and then dissolving away, by means of benzole, 
those parts on which the light has not acted. Here is such a photo- 
graph made by Mr. Woodbury. I now project it on the screen, so 
that you may all see it. It is generally a discreet thing to keep India- 
rubber where it will not be exposed to the prolonged action of a power- 
ful light, although there are cases in which exposure to light is a use- 
ful aid to the process of vulcanization. India-rubber is, to a certain 
extent, porous and cellular in its texture, as may be seen by a micro- 
scopical examination of a thin section. Again, if a thin leaf of caout- 
chouc is boiled for a long time in water, it absorbs a considerable pro- 
portion of this liquid. You see that this piece of caoutchouc has be- 
come quite milky and translucent from the absorption of water, and it 
probably holds, at the present time, as much as ten or fifteen per cent. 
of water. The amount absorbed may, in some cases, rise as high as 
twenty-five per cent. In a similar manner alcohol is absorbed by 
India-rubber, more readily than is the case with water. 

Now, we pass on to a more important mafter, namely, the action 
of such liquids as benzole or coal-naphtha on caoutchouc. Here are two 
cubes of Para rubber, each being three eighths of an inch across the 
face. One of these I will preserve as a pattern, and the other I will 
suspend in a bottle containing benzole. The cube suspended in the 
benzole will immediately begin to swell, and will continue to do so 
until it has attained a bulk about one hundred times as large as its 
original size. During the time that the cube is swelling in the benzole, 
a certain proportion of the caoutchouc will become dissolved out and 
incorporate itself with the bulk of the solvent. Now, as a matter of 
fact, every kind of natural India-rubber contains two distinct modifica- 
tions of caoutchouc, one of which tends to swell up in such a liquid as 
benzole, while the other dissolves and forms a true solution. The first 
mentioned of these bodies may be referred to as the fibrous constituent 
of caoutchouc, while the second may be spoken of as the viscous con- 
stituent. The proportions in which these two bodies occur in raw rub- 
ber vary extremely, Para rubber, of good quality, containing only a 
small proportion of the viscous constituent, while African tongue, on 
the other hand, consists principally of the viscous modification of caout- 
chouc. The viscous constituent of caoutchouc is the agent princi- 
pally concerned in the joining together of freshly cut edges of India- 
rubber ; and, as we proceed with the study of caoutchouc, we shall see 
that, under certain conditions, the fibrous caoutchouc can be more or 
less perfectly changed into the viscous form. The treatment of the 
juice of the India-rubber trees is often of such a nature as to greatly 
deteriorate the caoutchouc obtained ; a considerable proportion being 
thus changed from the fibrous to the viscous condition. This kind of 
injury to the caoutchouc can be obviated by coagulating the milky 
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juice, and carefully drying the clot after it has been subjected to pres- 
sure. For experimental purposes, alcohol may be employed as a co- 
agulating agent ; while, on an industrial scale, alum has been tried 
with apparently an excellent result. The milk is strained to remove 
solid impurities, after which a small proportion of alum solution is 
added. The clot which separates is next drained or pressed, after 
which it is dried. Caoutchouc dissolves more or less perfectly, accord- 
ing to its condition in various liquids, among which may be mentioned 
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the various fixed and hydrocarbon oils, chloroform, ether, and carbon 
disulphide. Unless, however, the caoutchouc has been masticated or 
otherwise degenerated, it is doubtful whether a true solution is ob- 
tained. When a clear limpid solution is required, one of the best solv- 
ents is that proposed by Payen, namely, carbon disulphide, mixed with 
five per cent. of absolute alcohol. If one part of masticated caout- 
chouc is dissolved in thirty parts of the above solvent, a solution is 
obtained which can be filtered through paper, and may be employed 
in covering the most delicate molds wit successive layers of caout- 
choue., 

Caoutchouc may be utterly ruined by the use of impure solvents, 
and those experimenting with India-rubber solutions should, in cases 
where it is desirable to regenerate the caoutchouc by allowing the 
solvent to evaporate, take the utmost care not to employ any solvents 
which contain fatty or greasy matter. 

Weak or diluted acids have little or no action on caoutchouc in the 
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majority of cases, but strong sulphuric acid slowly acts on it, the action 
becoming rapid if heat be applied. Strong nitric acid acts on it with 
some energy, causing its entire destruction, and in a similar manner it 
is destroyed by the prolonged action of chlorine, bromine, or iodine ; 
although these reagents, when their action is kept under control, pro- 
duce a vulcanizing or strengthening effect.— Abridged from Journal 
of the Society of Arts. 





ON THE PRODUCTION OF SOUND BY LIGHT.* 
By ALEXANDER GRAHAM BELL. 


N bringing before you some discoveries made by Mr. Sumner 
Tainter and myself, which, having resulted in the construction of 
apparatus for the production and reproduction of sound by means of 
light, it is necessary to explain the state of knowledge which formed 
the starting-point of our experiments. I shall first describe the re- 
markable substance selenium, and the manipulations devised by va- 
rious experimenters ; but the final result of our researches has extended 
the class of substances sensitive to light-vibrations, until we can pro- 
pound the fact of such sensitiveness being a general property of all 
matter. We have found this property in gold, silver, platinum, iron, 
steel, brass, copper, zinc, lead, antimony, German silver, Jenkin’s 
metal, Babbitt’s metal, ivory, celluloid, gutta-percha, hard rubber, soft 
vulcanized rubber, paper, parchment, wood, mica, and silvered glass ; 
and the only substances from which we have not obtained results are 
carbon and thin microscopic glass. We find that when a vibratory 
beam of light falls upon these substances they emit sounds, the pitch 
of which depends upon the frequency of the vibratory change in the 
light. We find, further, that, when we control the form or character 
of the light-vibration on selenium, and probably on the other sub- 
stances, we control the quality of the sound and obtain all varieties of 
articulate speech. We can thus, without a conducting wire, as in 
electric telephony, speak from station to station, wherever we can pro- 
ject a beam of light. We have not had opportunity of testing the 
limit to which this photophonic influence can be extended, but we have 
spoken to and from points two hundred and thirteen metres apart ; 
and there seems no reason to doubt that the results will be obtained at 
whatever distance a beam of light can be flashed from one observatory 
to another. The necessary privacy of our experiments hitherto has 
alone prevented any attempts at determining the extreme distance at 
which this new method of vocal communication will be available. I 
shall now speak of selenium. 
* Lecture delivered before the American Association for the Advancement of Science, 
in the Institute of Technology, Boston, August 27, 1880. 
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In the year 1817 Berzelius and Gottlieb Gahn made an examination 
of the method of preparing sulphuric acid in use at Gripsholm. Dur- 
ing the course of this examination, they observed in the acid a sedi- 
ment of a partly reddish, partly clear brown color, which, under the 
action of the blowpipe, gave out a peculiar odor, like that attributed 
by Klaproth to tellurium. As tellurium was a substance of extreme 
rarity, Berzelius attempted its production from this deposit ; but he 
was unable, after many experiments, to obtain further indications of 
its presence. He found plentiful signs of sulphur mixed with mercury, 
copper, zinc, iron, arsenic, and lead, but no trace of tellurium. It was 
not in the nature of Berzelius to be disheartened by this result. In 
science every failure advances the boundary of knowledge as well as 
every success, and Berzelius felt that, if the characteristic odor that 
had been observed did not proceed from tellurium, it might possibly 
indicate the presence of some substance then unknown to the chemist. 
Urged on by this hope he returned with renewed ardor to his work. 
He collected a great quantity of the material, and submitted the whole 
mass to various chemical processes. He succeeded in separating suc- 
cessively the. sulphur, the mercury, the copper, the tin, and the other 
known substances whose presence had been indicated by his tests— 
and, after all these had been eliminated, there still remained a residue 
which proved upon examination to be what he had been in search of— 
a new elementary substance. The chemical properties of this new 
element were found to resemble those of tellurium in so remarkable a 
degree that Berzelius gave to the substance the name of “ selenium,” 
from the Greek word selene, the moon (“tellurium,” as is well known, 
being derived from tellus, the earth). 

Although tellurium and selenium are alike in many respects, they 
differ in their electrical properties, tellurium being a good conductor 
of electricity, and selenium, as Berzelius showed, a non-conductor. 
Knox discovered in 1837 that selenium became a conductor when 
fused ; and Hittorff in 1852 showed that it conducted at ordinary 
temperatures, when in one of its allotropic forms. When selenium is 
rapidly cooled from a fused condition, it is a non-conductor. In this 
its vitreous form it is of a dark-brown color, almost black by reflected 
light, having an exceedingly brilliant surface. In thin films it is trans- 
parent, and appears of a beautiful ruby red by transmitted light. 
’ When selenium is cooled from a fused condition with extreme slow- 
ness, it presents an entirely different appearance, being of a dull lead- 
color, and having throughout a granulated or crystalline structure, and 
looking like a metal. In this form it is perfectly opaque to light even 
in very thin films. This variety of selenium has long been known as 
“ ranular ” or “ crystalline ” selenium, or, as Regnault called it, “ metal- 
lic” selenium. It was selenium of this kind that Hittorff found to be 
a conductor of electricity at ordinary temperatures. He also found 
that its resistance to the passage of an electrical current diminished 
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continuously by heating up to the point of fusion, and that the resist- 
ance suddenly increased in passing from the solid to the liquid con- 
dition. It was early discovered that exposure to sunlight hastens the 
change of selenium from one allotropic form to another ; and this ob- 
servation is significant in the light of recent discoveries. 

Although selenium has been known for the last sixty years it has 
not yet been utilized to any extent in the arts, and it is still considered 
simply as a chemical curiosity. It is usually supplied in the form of 
cylindrical bars. These bars are sometimes found to be in the metallic 
condition ; but more usually they are in the vitreous or non-conduct- 
ing form. It occurred to Willoughby Smith that, on account of the 
high resistance of ‘crystalline selenium, it might be usefully employed 
at the shore-end of a submarine cable, in his system of testing and 
signaling during the process of submersion. Upon experiment, the 
selenium was found to have all the resistance required—some of the 
bars employed measuring as much as fourteen hundred megohms—a 
resistance equivalent to that which would be offered by a telegraph- 
wire long enough to reach from the earth to the sun! But the resist- 
ance was found to be extremely variable. Experiments were made 
to ascertain the cause of this variability. Mr. May, Mr. Willoughby 
Smith’s assistant, discovered that the resistance was less when the se- 
lenium was exposed to light than when it was in the dark. 

In order to be certain that temperature had nothing to do with the 
effect, the selenium was placed in a vessel of water, so that the light 
had to pass through from one to two inches of water in order to reach 
the selenium. The approach of a lighted candle was found to be suffi- 
cient to cause a marked deflection of the needle of the galvanometer 
connected with the selenium, and the lighting of a piece of magnesium 
wire caused the selenium to measure less than half the resistance it did 
the moment before. 

These results were naturally at first received by scientific men with 
some incredulity, but they were verified by Sale, Draper, Moss, and 
others. When selenium is exposed to the action of the solar spectrum, 
the maximum effect is produced, according to Sale, just outside the 
red end of the spectrum, in a point nearly coincident with the maxi- 
mum of the heat-rays ; but, according to Adams, the maximum effect 
is produced in the greenish-yellow or most luminous part of the spec- 
trum. Lord Rosse exposed selenium to the action of non-luminous 
radiations from hot bodies, but could produce no effect ; whereas a 
thermopile under similar circumstances gave abundant indications of a 
current. He also cut off the heat-rays from luminous bodies by the 
interposition of liquid solutions, such as alum, between the selenium 
and the source of light, without affecting the power of the light to 
reduce the resistance of the selenium ; whereas the interposition of 
these same substances almost completely neutralized the effect upon 
the thermopile. Adams found that selenium was sensitive to the cold 
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light of the moon, and Werner Siemens discovered that, in certain ex- 
tremely sensitive varieties of selenium, heat and light produced oppo- 
site effects. In Siemens’s experiments special arrangements were made 
for the purpose of reducing the resistance of the selenium employed. 
Two fine platinum wires were coiled together in the shape of a double 
flat spiral in the zigzag shape, and were laid upon a plate of mica so that 
the disks did not touch one another. A drop of melted selenium was 
then placed upon the platinum-wire arrangement, and a second sheet 
of mica was pressed upon the selenium, so as to cause it to spread out 
and fill the spaces between the wires. Each cell was about the size of 
a silver dime. The selenium-cells were then placed in a paraftine bath, 
and exposed for some hours to a temperature of 210° Cent., after 
which they were allowed to cool with extreme slowness. The results 
obtained with these cells were very extraordinary ; in some cases the 
resistance of the cells when exposed to light was only one fifteenth of 
their resistance in the dark. . 

Without dwelling further upon the researches of others, I may say 
that the chief information concerning the effect of light upon the con- 
ductivity of selenium will be found under the names of Willoughby 
Smith, Lieutenant Sale, Draper and Moss, Professor W. G. Adams, 
Lord Rosse, Day, Sabini, Dr. Werner Siemens, and Dr. C. W. Siemens. 
All observations by these various authors had been made by means of 
galvanometers ; but it occurred to me that the telephone, from its ex- 
treme sensitiveness to electrical influences, might be substituted with 
advantage. Upon consideration of the subject, however, I saw that 
the experiments could not be conducted in the ordinary way, for the 
following reason: The law of audibility of the telephone is precisely 
analogous to the law of electric induction. No effect is produced dur- 
ing the passage of a continuous and steady current. It is only at the 
moment of change from a stronger to a weaker state, or vice versa, 
that any audible effect is produced, and the amount of effect is exactly 
proportional to the amount of variation in the current. It was, there- 
fore, evident that the telephone could only respond to the effect pro- 
duced in selenium at the moment of change from light to darkness, or 
vice versa ; and that it would be advisable to intermit the light with 
great rapidity, so as to produce a succession of changes in the con- 
ductivity of the selenium, corresponding in frequency to musical vibra- 
tions within the limits of the sense of hearing. For I had often noticed 
that currents of electricity, so feeble as to produce searcely any audible 
effects from a telephone when the circuit was simply opened or closed, 
caused very perceptible musical sounds when the circuit was rapidly 
interrupted, and that the higher the pitch of sound the more audible 
was the effect. I was much struck by the idea of producing sound by 
the action of light in this way. Upon further consideration it appeared 
to me that all the audible effects obtained from varieties of electricity 
could also be’ produced by variations of light acting upon selenium. I 
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saw that the effect could be produced at the extreme distance at which 
selenium would respond to the action of a luminous body, but that this 
distance could be indefinitely increased by the use of a parallel beam 
of light, so that we could telephone from one place to another without 
the necessity of a conducting wire between the transmitter and receiver. 
It was evidently necessary, in order to reduce this idea to practice, to 
devise an apparatus to be operated by the voice of a speaker, by which 
variations could be produced in a parallel beam of light, corresponding 
to the variations in the air produced by the voice. 

I proposed to pass light through a large number: of small orifices, 
which might be of any convenient shape, but were preferably in the 
form of slits. Two similarly perforated plates were to be employed. 
One was to be fixed and the other attached to the center of a dia- 
phragm actuated by the voice, so that the vibration of the diaphragm 
would cause the movable plate to slide to and fro over the surface of 
the fixed plate, thus alternately enlarging and contracting the free ori- 
fices for the passage of light. In this way the voice of a speaker could 
control the amount of light passed through the perforated plates with- 
out completely obstructing its passage. This apparatus was to be 
placed in the path of a parallel beam of light, and the undulatory beam 
emerging from the apparatus could be received at some distant place 
upon a lens, or other apparatus, by means of which it could be con- 
densed upon a sensitive piece of selenium placed in a local circuit with 
a telephone and galvanic battery. The variations in the light produced 
by the voice of the speaker should cause corresponding variations in 
the electrical resistance of the selenium employed : and the telephone 
in circuit with it should reproduce audibly the tones and articulations 
of the speaker’s voice. I obtained some selenium for the purpose of 
producing the apparatus shown ; but found that its resistance was al- 
most infinitely greater than that of any telephone that had been con- 
structed, and I was unable to obtain any audible effects by the action 
of light. I believed, however, that the obstacle could be overcome by 
devising mechanical arrangements for reducing the resistance of the 
selenium, and by constructing special telephones for the purpose. I 
felt so much confidence in this that, in a lecture delivered before the 
Royal Institute of Great Britain, upon the 17th of May, 1878, I an- 
nounced the possibility of hearing a shadow by interrupting the action 
of light upon selenium. A few days afterward my ideas upon this 
subject received a fresh impetus by the announcement made by Mr. 
Willoughby Smith before the Society of Telegraph Engineers that he 
had heard the action of a ray of light falling upon a bar of crystalline 
selenium, by listening to a telephone in circuit with it. 

It is not unlikely that the publicity given to the speaking telephone 
during the last few years may have suggested to many minds in differ- 
ent parts of the world somewhat similar ideas to my own. 

Although the idea of producing and reproducing sound by the 
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action of light, as described above, was an entirely original and inde- 
pendent conception of my own, I recognize the fact that the knowl- 
edge necessary for its conception has been disseminated throughout 
the civilized world, and that the idea may therefore have occurred to 
many other minds. Zhe fundamental idea, on which rests the possi- 
bility of producing speech by the action of light, is the conception of 
what may be termed an undulatory beam of light in contradistinction 
to a merely intermittent one. By an undulatory beam of light, I 
mean a beam that shines continuously upon the selenium receiver, but 
the intensity of which upon that receiver is subject to rapid changes, 
corresponding to the changes in the vibratory movement of a particle 
of air during the transmission of a sound of definite quality through 
the atmosphere. The curve that would graphically represent the 
changes of light would be similar in shape to that representing th 
movement of the air. I do not know whether this conception had 
been clearly realized by “J. F. W.,” of Kew, or by Mr. Sargent, of 
Philadelphia ; but to Mr. David Brown, of London, is undoubtedly due 
the honor of having distinctly and independently formulated the con- 
ception, and of having devised apparatus—though of a crude nature— 
for carrying it into execution. It is greatly due to the genius and 
perseverance of my friend Mr. Sumner Tainter, of Watertown, Mas- 
sachusetts, that the problem of producing and reproducing sound by 
the agency of light has at last been successfully solved. 

The first point to which we devoted our attention was the reduc- 
tion of the resistance of crystalline selenium within manageable lim- 
its. The resistance of selenium-cells employed by former experiment- 
ers was measured in millions of ohms, and we do not know of any 
record of a selenium-cell measuring less than 250,000 ohms in the 
dark. We have succeeded in producing sensitive selenium-cells mea- 
suring only 300 ohms in the dark, and 155 ohms in the light. All 
former experimenters seemed to have used platinum for the conduct- 
ing part of their selenium-cells, excepting Werner Siemens, who found 
that iron and copper might be employed. We have also discovered 
that brass, although chemically acted upon by selenium, forms an 
excellent and convenient material ; indeed, we are inclined to believe 
that the chemical action between the brass and selenium has contrib- 
uted to the low resistance of our cells by forming an intimate bond 
of union between the selenium and brass. We have observed that 
melted selenium behaves to the other substances as water to a greasy 
surface, and we are inclined to think that, when selenium is used in 
connection with metals not chemically acted upon by it, the points of 
contact between selenium and the metal offer a considerable amount 
of resistance to the passage of a galvanic current. By using brass we 
have been enabled to construct a large number of selenium-cells of 
different forms. The mode of applying the selenium is as follows: 
The cell is heated, and, when hot enough, a stick of selenium is rubbed 
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over the surface. In order to acquire conductivity and sensitiveness, 
the selenium must next undergo a process of annealing. 

We simply heat the selenium over a gas-stove and observe its 
appearance. When the selenium attains a certain temperature, the 
beautiful reflecting surface becomes dimmed. A cloudiness gradually 
extends over it, somewhat like the film of moisture produced by breath- 
ing uponamirror. This appearance gradually increases, and the whole 
surface is soon seen to be in the metallic, granular, or crystalline condi- 
tion. The cell may then be taken off the stove, and cooled in any 
suitable way. When the heating process is carried too far, the crys- 
talline selenium is seen to melt. Our best results have been obtained 
by heating the selenium until it crystallizes, and continuing the heat- 
ing until signs of melting appear, when the gas is immediately put 
out. The portions that had melted instantly recrystallize, and the 
selenium is found upon ‘cooling to be a conductor, and to be sensitive 
to light. The whole operation occupies only a few minutes. This 
method has not only the advantage of being expeditious, but it proves 
that many of the accepted theories on this subject are fallacious. Our 
new method shows that fusion is unnecessary, that conductivity and 
sensitiveness can be produced without long heating and slow cooling ; 
and that crystallization takes place during the heating process. We 
have found that, on removing the source of heat immediately on the 
appearance of the cloudiness, distinct and separate crystals can be 
observed under the microscope, which appear like leaden snow-flakes 
on a ground of ruby red. Upon removing the heat, when crystalliza- 
tion is further advanced, we perceive under the microscope masses of 
these crystals arranged like basaltic columns standing detached from 
one another, and at a still higher point of heating the distinct columns 
are no longer traceable, but the whole mass. resembles metallic pud- 
ding-stone, with here and there a separate snow-flake, like a fossil, 
on the surface. Selenium crystals formed during slow cooling after 
fusion present an entirely different appearance, showing distinct 
facets. 

We have devised about fifty forms of apparatus for varying a beam 
of light in the manner required, but only a few typical varieties need 
be shown. The source of light may be controlled, or a steady beam 
may be modified at any point in its path. The beam may be controlled 
in many ways. For instance, it may be polarized, and then affected 
by electrical or magnetic influences in the manner discovered by Fara- 
day and Dr. Ker. The beam of polarized light, instead of being passed 
through a liquid, may be reflected from the polished pole of an electro- 
magnet. Another method of affecting a beam of light is to pass it 
through a lens of variable focus. I observe that a lens of this kind has 
been invented in France by Dr. Cusco, and is fully described in a re- 
cent paper in “La Nature”; but Mr. Tainter and I have used such a 
Jens in our experiments for months past. The best and simplest form of 
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apparatus for producing the effect remains to be described. This con- 
sists of a plane mirror of flexible material—such as silvered mica or 
microscope glass. Against the back of this mirror the speaker’s voice 
is directed. The light reflected from this mirror is thus thrown into 
vibrations corresponding to those of the diaphragm itself. 

In arranging the apparatus for the purpose of reproducing sound 
at a distance, any powerful source of light may be used, but we have 
experimented chiefly with sunlight. For this. purpose a large beam 
is concentrated by means of a lens upon the diaphragm-mirror, and, 
after reflection, is again rendered parallel by means of another lens. 
The beam is received at a distant station upon a parabolic reflector, 
in the focus of which is placed a sensitive selenium-cell, connected in 
a local circuit with a battery and telephone. A large number of trials 
of this apparatus have been made with the transmitting and receiving 
instruments so far apart that sounds could not be heard directly 
through the air. In illustration, I shall describe one of the most 
recent of these experiments. Mr. Tainter operated the transmitting 
instrument, which was placed on the top of the Franklin schoolhouse 
in Washington, and the sensitive receiver was arranged in one of the 
windows of my laboratory, 1325 L Street, at a distance of two hundred 
and thirteen metres. Upon placing the telephone to my ear I heard 
distinctly from the illuminated receiver the words, “ Mr. Bell, if you 
hear what I say, come to the window and wave your hat.” In labora- 
tory experiments the transmitting and receiving instruments are neces- 
sarily within ear-shot of one another, and we have, therefore, been 
accustomed to prolong the electric circuit connected with the selenium 
receiver, so as to place the telephones in another room. By such ex- 
periments we have found that articulate speech can be reproduced by 
the oxyhydrogen light, and even by the light of a kerosene-lamp. The 
loudest effects obtained from light are produced by rapidly interrupt- 
ing the beam by the perforated disk. The great advantage of this form 
of apparatus for experimental work is the noiselessness of its rotation, 
admitting the close approach of the receiver without interfering with 
the audibility of the effect heard from the latter ; for it will be under- 
stood that musical tones are emitted from the receiver when no sound 
is made at the transmitter. A silent motion thus produces a sound. 
In this way musical tones have been heard even from the light of a 
candle. When distant effects are sought another apparatus is used, 
By placing an opaque screen near the rotating disk the beam can be 
entirely cut off by a slight motion of the hand, and musical signals, 
like the dots and dashes of the Morse telegraph code, can thus be pro- 
duced at the distant receiving station. 

We have made experiments with the object of ascertaining the 
nature of the rays that affect selenium. For this purpose we have 
placed in the path of an intermittent beam various absorbing sub- 
stances. Professor Cross has been kind enough to give me his assist- 
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ance in conducting these experiments. When a solution of alum, or 
bisulphide of carbon, is employed, the loudness of the sound produced 
by the intermittent beam is very slightly diminished ; but a solution of 
iodine in bisulphide of carbon cuts off most, but not all, of the audible 
effect. Even an apparently opaque sheet of hard rubber does not 
entirely do this. When the sheet of hard rubber was held near the 
disk interrupter, the rotation of the disk interrupted what was then 
an invisible beam, which passed over a space of about twelve feet 
before it reached the lens, which finally concentrated it upon the 
selenium-cell. A faint but perfectly perceptible musical tone was 
heard from the telephone connected with the selenium. This could 
be interrupted at will by placing the hand in the path of the invisible 
beam. It would be premature, without further experiments, to spec- 
ulate too much concerning the nature of these invisible rays ; but it is 
difficult to believe that they can be heat-rays, as the effect is produced 
through two sheets of hard rubber, containing between them a satu- 
rated solution of alum. Although effects are produced, as above 
shown, by forms of radiant energy which are invisible, we have named 
the apparatus for the production and reproduction of sound in this 
way, the “ photophone,” because an ordinary beam of light contains 
the rays which are operative. 

It is a well-known fact that the molecular disturbance produced 
in a mass of iron by the magnetizing influence of an intermittent elec- 
trical current can be observed as sound by placing the ear in close 
contact with the iron. It occurred to us that the molecular disturb- 
ance produced in crystalline selenium by the action of an intermittent 
beam of light should be audible in a similar manner without the aid of 
a telephone or battery. Many experiments were made to verify this 
theory, without definite results. The anomalous behavior of the hard- 
rubber screen suggested the thought of listening to it also. This ex- 
periment was tried with extraordinary success. I held the sheet in 
close contact with my ear, while a beam of intermittent light was 
focused upon it by a lens. A distinct musical note was immediately 
heard. We found the effect intensified by arranging the sheet of hard- 
rubber as a diaphragm, and listening though a hearing-tube. We then 
tried crystalline selenium in the form of a thin disk, and obtained a 
similar but less intense effect: The other substances which I enumer- 
ated at the beginning of my address were now successively tried in 
the form of thin disks, and sounds were obtained from all but carbon 
and thin glass. We found hard rubber to produce a louder sound 
than any other substance we tried, excepting antimony, and paper and 
mica to produce the weakest sounds. On the whole, we feel warranted 
in announcing as our conclusion that sounds can be produced by the 
action of a variable light from substances of all kinds, when in the 
JSorm of thin diaphragms. We have heard from interrupted sunlight 
very perceptible musical tunes through tubes of ordinary vulcanized 
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rubber, of brass, and of wood. These were all the materials at hand 
in tubular form, and we have had no opportunity since of extending 
the observations to other substances. 

I am extremely glad that I have the opportunity of making the 
first publication of these researches before a scientific society, for it is 
from scientific men that my work of the last six years has received its 
earliest and kindest recognition. I gratefully remember the encour- 
agement which I received from the late Professor Henry at a time 
when the speaking telephone existed only in theory. Indeed, it .is 
greatly due to the stimulus of his appreciation that the telephone be- 
came an accomplished fact. I can not state too highly also the advan- 
tage I received in preliminary experiments on sound vibrations in this 
building from Professor Cross, and near here from my valued friend 
Dr. Clarence J. Blake. When the public were incredulous of the pos- 
sibility of electrical speech, the American Academy of Arts and Sci- 
ences, the Philosophical Society of Washington, and the Essex Institute 
of Salem recognized the reality of the results, and honored me by 
their congratulations. The public interest, I think, was first awakened 
by the judgment of the very eminent scientific men before whom the 
telephone was exhibited in Philadelphia, and by the address of Sir 
William Thomson before the British Association for the Advancement 
of Science. 

At a later period, when even practical telegraphers considered the 
telephone as a mere scientific toy, Professor John Peirce, Professor 
Eli W. Blake, Dr. Channing, Mr. Clarke and Mr. Jones, of Providence, 
Rhode Island, devoted themselves to a series of experiments for the 
purpose of assisting me in making the telephone of practical utility ; 
and they communicated to me, from time to time, the result of their 
experiments with a kindness and generosity I can never forget. It is 
not only pleasant to remember these things and to speak of them, but 
it is a duty to repeat them, as they give a practical refutation to the 
oft-repeated stories of the blindness of scientific men to unaccredited 
novelties, and of their jealousy of unknown inventors who dare to 
enter the charmed circle of science. I trust that the scientific favor 
which was so readily accorded to the telephone may be extended by 
you to this new claimant, the photophone. 
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EDUCATION AS AN AID TO THE HEALTH OF 
WOMEN. 


By ELIZABETH CUMINGS. 


“In education we should endeavor to make a man change from one habit to 
a better.”—Tueatetus (PLaTo). 


HE relation between physical and psychical states is so intimate, 
and the effects of the latter so nearly simulate disease, that phy- 
sicians are often led into grave errors in diagnosis and treatment. 
Nor is this the worst mischief ; the secondary stage of psychical excite- 
ment may be actual disease, for the nerve-force expended is so much 
withdrawn from the processes of nutrition and assimilation, and con- 
tinued morbid action of any of the functions has a tendency to estab- 
lish organic change. How far education may act as a conserver of 
psychical, and secondarily of physical health, is therefore a legitimate 
object of inquiry. 

Subject as the female organism is to a periodicity of alternate ex- 
citation and depression, the nervous system must respond in a degree 
to the increased or lowered tension of the veins and arteries. To this 
physiological cause of emotional excitability are added the effects of 
habitual in-door life, unhygienic dress, and avocations that are puerile, 
or that tax the physical strength to the utmost. Instead of correcting 
the natural tendency, the habits and pursuits of women superimpose 
upon it an acquired nervous sensibility and irritability, till lack of 
nerve equilibrium has come to be inherent in civilized women, and 
Sydenham, generalizing from this point, says, “All women are hys- 
terical””—an assertion that thinking women, especially the mothers of 
girls, would do well to consider. 

The social environment of women is, in its effect, somewhat like 
the drug mentioned by Dr. Clark in his volume on “ Visions,” that, 
taken into the system, paralyzes the nerves of motion, but leaves the 
nerves of sensation unaffected. An appearance of well-being and con- 
tent is required of them, at the same time they are exposed, much 
more than men, to the hurts and wounds that touch what we call the 
feelings. Without the diversion of work that employs their intellec- 
tual faculties, they are constantly tempted to magnify the torments 
of wounded self-love and the petty griefs that a properly developed 
nature would not consider. Religion is their only solace, and that 
incites them to bear their troubles in the martyr spirit, that is, by 
sheer force of will, an effort that has a markedly anti-vital effect upon 
the organic functions, rather than with the “sweet reasonableness ” 
which regards harassments as the common lot of all, and therefore 
determinately turns the attention away from them to higher things. 
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Though education must for ever work within limits, and can never 
go beyond the capacity of the individual nature, one can, by strict 
watchfulness over self, and exercising the will in the required direc- 
tion, insensibly bring about such a habit of thought, feeling, and ac- 
tion, as he may wish to attain to, his ideal being only a foreshadowing 
of his own possibilities, To assist one to so train his mind and to 
furnish him with noble and suitable objects of study is one of the 
highest offices of a wise education ; and that women especially need 
the help afforded by such training is evidenced by the long list of 
female patients, suffering from some form of neuropathic disease, that 
the busy physician carries on his books. 

To the uninitiated, hysteria stands for simple foolishness ; to the 
physician, it represents a hydra, hundred-headed, and the parent of 
yet more serious disorders. There is scarcely a type of disease that it 
will not simulate. It will even take on the forms of articular rheuma- 
tism and spinal disease, and will cause syncope apparently as profound 
as that induced by organic disease of the heart. It does not limit 
itself to one attack, for the tendency the automatic apparatus of the 
body has to repeat its acts will cause the second expression of excite- 
ment to be more easily induced, more ungovernable, and more pro- 
longed than the first. And, the hysterical diathesis established, the 
patient may yield to such seizures till morbid processes set up in the 
brain and spinal cord. Its effects do not stop with the individual. 
Lack of voluntary direction of the thoughts and feelings, and yielding 
to melancholy and depressing passions in the mother, in her resulting 
in neuropathic states, may exhibit remote effects in her offspring as 
chorea, epilepsy, or an appetite for spirituous liquors. And it is not 
too much to say that these diseases and even insanity are often but 
differing results of a weakening of the nerves and nerve-centers, hav- 
ing ultimately in the mother a psychic cause. For the cure of hys- 
teria and allied complaints physicians declare that skillful mental 
treatment is better than all the drugs in the pharmacopeia. The re- 
coveries that take place through sympathy, mesmerism, and miracle- 
mongers, are easily explained when one discovers that diseases, whose 
remote causes are nervous, often yield instantaneously to appropriate 
psychical treatment. But better than any remedy is prevention, and, 
if the mind can exercise a curative influence over an unstrung nervous 
system, there is no doubt that, by means of proper physical, mental, 
and moral training, the predisposition to neuropathic complaints, 
which specialists declare universal in women, may be very nearly ex- 
tinguished. 

A family that came specially under my notice will illustrate the 
effect of the psychic states of the parent upon the offspring. The 
father, a full-blooded animal of a man, had a most brutal temper. 
The mother, a delicate woman of nervous temperament and submis- 
sive disposition, used up her nervous @iergy keeping her husband 
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pleasant, or enduring his passion. Besides his ungovernable temper, 
the father had no vices ; the mother came of a healthy but somewhat 
nervous family, who were remarkably religious. 

There were five children, three of whom were sons. The eldest 
inherited his father’s temper, was a libertine, and fond of drink. The 
second son died of delirium tremens ; and the third, having squandered 
his strength and fortune upon women and drink, shot himself. The 
older daughter, a pale and slender woman of most saintly spirit, gave 
birth to two children ; the first died in infancy ; the second lived till 
the age of puberty, and then went into a rapid consumption. The 
younger daughter was, during middle life, subject to a periodic in- 
sanity, and one of her three children, after suffering from chorea for 
years, lapsed into idiocy. 

Of the family of tke oldest son I can only speak with certainty of 
two. One of his sons had epileptic fits, and one daughter had anger- 
fits quite like her venerable grandfather, when she would swear with 
a volubility a trooper mightenvy. These explosions of temper usually 
ended in hysterical convulsions. Curious to know more, I inquired of 
a gentleman, an old acquaintance of the family, what sort of a mother 
old Mr. Blank had. “Oh, she was a nice old lady when I knew her, 
though she had spells, and, when she was younger, I’ve heard them say 
her spells were awful,” was the reply. “ What kind of spells?” I asked. 
“T don’t know. When I knew her, anything that crossed her, or made 
her feel bad, would set her going. She seemed to faint, and would go 
from one fit to another, till sometimes it was hours afore she was her- 
self. - She said she felt as if she was choking, and the doctors gave her 
no end of ‘ feta pills,’ but she always had spells till she died.” “ Were 
you acquainted with Mrs. Blank’s family ?” I asked, still curious. “Oh, 
yes, knew them well,” said the old man with an air of marked respect. 
“They were excellent people. The old lady, Mrs. Blank’s mother, was 
very religious, and at camp-meetings was a master hand at having the 
power. Oh, she was good, and the right sort.” 

I do not say that if these mothers had not yielded their self-con- 
trol, the one to hysterics, the other to religious enthusiasm, all the 
train of evils that appeared in the family I have described would not 
have happened ; but I am sure I keep within the limits of probability 
if I assert that determined self-control and self-government on their 
part would have been markedly influential in producing a correspond- 
ing nerve-strength and self-control in their offspring. 

The radical defect in the education of girls is, that knowledge, and 
that of a very superficial sort, instead of the cultivation of the faculties, 
is made its aim. Regarded by the large majority of educators in a par- 
tial light as a means organized for something outside of herself, the 
girl is simply taught to appear educated. The directing of her mind 
into a wholesome and self-controlled activity, which is the only means 
of perfecting the intellectual faculties, is not thought of. Her mind is 








826 THE POPULAR SCIENCE MONTHLY. 


made a scrap-bag into which are dropped the dabs of this and that which 
custom has decreed a young woman should know, and which she and 
her friends regard very much in the same light as the bows and feath- 
ers on her pretty bonnet. 

Between the ages of twelve and twenty, the time of all others when 
her body and its healthful development ought to be carefully looked 
after, a girl ordinarily receives all the intellectual training she ever has. 
To do credit to the school and satisfy the mistaken pride of her friends, 
she is kept in a perpetual hurry, memorizing an incredible number of 
pages per day. Her chief recreation is a sedate walk, in which dress 
and behavior have to be considered more than the toning up of her 
flabby muscles and the oxygenizing of her thin blood. Her chief plea- 
sures are evening entertainments, where her vanity is stimulated to 
the utmost, and late hours, unhygienic dress, and unwholesome food 
tax her vitality. 

Society emphasizes the education of the boarding-school. To 
appear well is its sole demand upon young women. LEarnestness, an 
interest in the projects which their founders believe will regenerate the 
world, all the ebullitions of force characterestic of the young mind that 
thinks, even an enthusiasm for study, are “bad form” for a young lady 
in society, and make her suspected of being, at least; “queer.” Of 
course, I speak of ordinary society. There are cultivated congeries in 
every large city in which more is expected of a girl than mere pretti- 
ness. A bright girl who has finished her school-life scarcely knows 
what to do with herself. Her education was not a preparation for 
any special work, and, unless she was very fortunate, it did not lay the 
foundation of proper mental habits. The intellectual in her has been 
roused, but she has not been taught how to direct it. Some way this 
force will expend itself: if it can not find a legitimate outlet, it will 
stimulate the emotions, and find a disastrous activity in them, and too 
often the “sweet girl-graduate ” becomes a sentimental creature, a 
prey of whims and caprices, capable of an intense but one-sided energy 
when her enthusiasm is roused, but incapable of any sustained, self- 
directed effort. 

Women rarely find in marriage greater incentives to a real intel- 
lectual activity than they find in the boarding-school or in society. 
Whether the man whose name she takes will be as attractive in middle 
life as in his youth—whether she will be proud and glad that he is the 
father of her children—are matters about which the young girl is not 
taught tothink. Domestic economy, as now carried on, is burdensome 
and full of distasteful and humdrum duties. Having no special apti- 
tudes, not having enough control of her mind to elect to do anything, 
or to persist in it if she so elect, not knowing how to make the most 
of what is open to her, unhappiness, real or imaginary, preys upon the 
average woman to an extent not to be guessed at by a person whose 
mind is employed. 
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It is the natural tendency for those powers which are constitution- 
ally the strongest to overrule and weaken the others. If woman is, 
from physiological causes, more emotional than is good for her, and the 
habits of civilized life have increased this tendency, if emotional ex- 
citement weakens the control which the will ought to exercise over the 
powers of attention and reflection that stand at the head of intellec- 
tion, it is the first business of the teacher to employ a girl’s faculties as 
equally as possible—to restrain those which unduly predominate, and 
exercise the weaker powers. 

A girl should be made to understand, from the first, that the edu- 
cation she receives at school is to do for her mind what the scales and 
exercises do for her fingers in her musical studies ; that she is not to 
study simply to acquire facts, but to get control of her mind. More- 
over, she should be taught that it is her duty to look forward to a life- 
long intellectual activity, so that, when she comes to take full charge 
of herself, she will direct her mature powers toward some pursuit or 
line of study which will promote her present or future welfare, and 
insure to her wholesome mental habits. Especially should her will- 
power, the force which will, more than any other, make or mar her, 
receive the most careful training ; so that, become adult, she will be 
able to use it physiologically, and determinately turn from the enemies, 
wounds, and serious sorrows, that otherwise might induce nervous dis- 
ease, or drive her into a mad-house, to some one of the many subjects 
of interest in which the world abounds. 

The first mistake in the education of girls, and the one fraught with 
the saddest results, is made when they are allowed to leave childhood 
toosoon. To keep them little girls as long as possible, and make them, 
first of all, what George MacDonald calls “ blessed little animals,” is 
the first step in the right direction. 

The second mistake is, permitting growing girls to sit in the house 
and study when their transparent cheeks tell of anemia and lowered 
vitality. So long as there are branches of knowledge which are ad- 
mirable training for the mind and can be pursued best out of doors, 
this mistake is inexcusable. It remains to be seen whether the old 
methods of education in use in boys’ schools are the best for girls : 
they are best only if they are most physiological. Girls should be 
treated as they are, not as they might be under improved habits and 
conditions. 

The third mistake is, making the school-life of girls final, when it 
ought to be a simple preparation for the intellectual life of the adult 
woman, 

A fourth mistake is, withholding a knowledge of the laws to which’ 
woman is subject, in her physical and her mental life, her place in na- 
ture, and the potential character of her mental states and habits. 
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‘ON THE DESTRUCTION OF INFECTIOUS GERMS. 
By Dr. A. WERNICH. 


ems theory that contagious diseases as well as putrefaction and 
fermentation are developed and propagated by the agency of 
organisms allied to the bacteria has been widely accepted, and is sup- 
ported by the results of recent investigations. It becomes, then, of 
paramount importance to ascertain the most efficacious means of de- 
stroying these organisms. 

With this object in view, these researches into the conditions under 
which bacteria may be destroyed have taken three directions : 1. To 
test an observation made by Ernst Baumann, that the putrefactive organ- 
isms in the course of their action develop carbolic acid, a deadly poison 
to them, and to inquire wheter there are not other poisons to bacteria 
developed in a similar manner ; 2. Investigations prosecuted during the 
prevalence of the plague to ascertain whether a dry disinfection of 
clothing and goods could be made effective wholly to destroy the in- 
fectigus organisms ; 3. Having transplanted active infectious organ- 
isms from one substance to another to which they are suited, tu arrest 
them in the most rapid stage of their development, destroy them, or 
cause them to perish. 

In order to make the experiments of real value, a sure means must 
be found of knowing whether the organisms are alive or dead ; they 
may seem dead when they are only passive. The only unfailing test 
is afforded by the reproductive faculty : when reproduction ceases, and 
can not be excited, the organisms may be considered dead. 

Particular investigators have doubted whether it is possible wholly 
to destroy these lower organisms. Naegeli* says it can not be fully 
done without the aid of heat, and even heat is not always equally 
effective. They are generally more easily destroyed by heat when 
moist than when dry, but even a boiling heat will not destroy some of 
them when they are in fluids of a neutral reaction. The more acid 
the reaction, the less is the degree of heat that is required. The 
degree of heat required to destroy the germs of infectious diseases is 
believed to be greater than it is practicable to apply by the dry process 
to clothing and similar materials. The capacity of many of the organ- 
isms to reproduce may, indeed, be destroyed by a more moderate tem- 
perature, but a question remains concerning the germs or spores which 
had been taken up into the materials and were carried away with them. 
‘These are believed to have some kind of a coating which enables them 
to resist what destroys the parent organisms. 

In order to test the value of the dry process as applied to infected 


* Die niederen Pilze in ihren Beziehungen zu den Infektionskrankheiten und der 
Gesundheitspflege, s. 201. 
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clothing, pieces of different clothing materials were impregnated with 
strong putrefying and bacteria-bearing fluids, then dried slowly, and 
kept for a long time without protection against external influences. 
Whenever the smallest piece of one of these materials was put into a 
suitable fluid, the perturbation invariably took place which is the sure 
sign of the active multiplication of bacteria. Clothing which had not 
been impregnated did not excite this perturbation, or only in an insig- 
nificant degree. Specimens of the defiled clothing which were placed 
in a similar solution after they had been exposed for five minutes to 
a temperature of from 125° to 150° C., or for one or two minutes to a 
higher temperature, produced no change. The capacity of the bacteria 
to resist heat varies widely among the different species, and appears 
to depend largely on the faculty of developing spores. The individ- 
uals are killed, but the spores remain vital. The increase of any one 
kind is limited by the presence of other kinds, with which a struggle 
for existence has to be maintained. 

No increase of bacteria takes place without the presence of a suit- 
able substance to support them. The most favorable of non-nitro- 
geneous substances is sugar ; among nitrogeneous substances the most 
favorable are the albuminoids ; among mineral matters, potash, phos- 
phorus, magnesia, and sulphur. If the supporting substance, even 
though it is needed in only a minute quantity, is consumed, or if it is 
present in great excess, a pause in the development, but not the death 
of the bacteria, takes place. A similar effect is produced by taking 
away the water, but, when the water is restored, an increase of life 
again takes place. 

The practical object of disinfection should be to go beyond se- 
curing a suspension of animation of the bacteria, and to seek to destroy 
the vitality of the spores. Neither years of dryness, nor months of 
exposure in foul water, nor repeated drying and moistening, will injure 
the fertility of these germs. 

An excess of water produces a similar effect with desiccation upon 
the vital conditions of the bacteria. A great dilution of the support- 
ing fluid by the infusion of pure water will in a short time produce a 
suspension of the process of decomposition. Privation of light has no 
effect. The operation of electricity has not been enough observed to 
justify the drawing of any conclusion. The effect of the privation 
of air has not been fully determined. It was once thought that the 
development of bacteria could be hindered by the removal of oxygen, 
but this is doubtful. Oxygen greatly speeds the development, but it 
can take place without- it. Bacteria are not developed in nitrogen, 
hydrogen, carbonic oxide, carbonic acid, nitrous oxide, and illuminat- 
ing gas. 

The substances which are fatal to the life of the bacteria next de- 
mand attention. Among these, the concentrated mineral acids, iodine, 
bromine, chlorine, the sulphates of copper and zinc, corrosive: subli- 
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mate, benzoic acid and its salts, salicylic and metasalicylic acids, quinia, 
many aromatic substances, and alcohol, have long been known as such. 
Carbolic acid is the highest in repute among these poisons ; and it is 
an interesting fact that Mr. E. Baumann has discovered this very sub- 
stance among the products of the bacterian fermentation to which it 
is so fatal. Alcohol is another substance similarly associated. The 
discovery of the curious relations of these two substances gives a new 
light upon the cause of the spontaneous destruction of bacteria in 
strongly fermenting fluids, and encourages us to look for other sub- 
stances having a similar origin and a like action. As evidence of the 
possession of such properties by any substance, we should require— 

1, That substances favorable to the development of bacteria should 
remain free from them when the substance to be tested is added to 
them. 

2. That active bacteria, when transplanted into a supporting mix- 
ture to which a substance supposed to be poisonous to them has been 
added, should cease to propagate themselves and die out. This may 
be called the aseptic test. 

3. That, when the supposed poison is introduced into a solution 
swarming with bacteria, all living examples should be killed. This 
may be called the antiseptic test. 

Various aromatic substances, the products of fermentation, were 
added to a mixture of water and chopped meat at a temperature of 
35° C. They proved efficacious in preventing, suspending, or wholly 
stopping decomposition in the following order, according to the strength 
of their working : 

1, As Preventives or DEcoMposITION : 

in a proportion of 1 : 1,000 of the mixture. 
- " 2 :1,000 es 
Phenylacetic acid, “ = 2°5: 1,000 os 
Carbolicacid.... “ e 5 :1,000 % 

(The working of scatol and hydrocinnamic acid could not be satisfactorily as- 
certained, on account of the difficulty of dissolving them in water.) 


2. As Asrptics—killing transplanted organisms by poisoning the 
supporting fluid : 


in a proportion of 0°4: 1,000 of the mixture. 
, 0°6: 1,000 

0°6 : 1,000 

0°8: 1,000 

Phenylacetic acid . . 1°2: 1,000 

Carbolic acid 5 :1,000 


Hydrocinnamic acid ‘“ i 


3. As AntisErTics—wholly destroying all living bacteria : 


Scatol, in the proportion of 0°5: 1,000 of the mixture, in twenty-four hours, 
Hydrocinnamic acid, in a proportion of 0°8: 1,000 of the mixture, in twenty- 
four hours. 
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Phenylacetic acid, in a saturated solution (1: 400), immediately. 

Indol, in a saturated solution (1: 900), in twenty-four hours, 

Kresol, in the proportion of 5: 1,000 of the mixture, in twenty-four hours. 
Carbolic acid, in the proportion of 20; 1,000 of the mixture, immediately. 


Two points strike us in this review: first, the difference in the 
amount of poison required to produce the aseptic and the antiseptic 
effect ; again, it is curious that carbolic acid, the favorite antiseptic, 
appears to be the weakest on the list. It is at the same time one of 
the most soluble, while scatol, the most difficult of solution, is the 
strongest. 

If we add the substances we have been examining to a saccharine 
solution exposed to fermentation, a slackening of the fermenting pro- 
cess will take place, and the different substances will, as before, exhibit 
their power to delay the process in the following order: scatol, hydro- 
cinnamic acid, indol, phenylacetic acid, kresol, carbolic acid. 

These facts seem to justify us in looking for specific disinfectants 
and prophylactics among the aromatic products of chemical decompo- 
sition. They also give a strong air of plausibility to the theory that 
the bacteria produce, through the chemical changes of which they are 
the direct cause, the most effective substances that can be used to de- 
stroy them. The idea is logically deducible from this theory that the 
germs of disease finally produce their own destruction by the opera- 
tion of their growth and development, and helps us to comprehend the 
cyclical course which is characteristic of most infectious diseases. 


POSSIBLE EFFICIENCY OF HEAT-ENGINES. 


By Proresson WILLIAM A. ANTHONY. 


i theory of thermodynamics, which asserts the equivalence of 

heat and mechanical work, has now been generally accepted by 
men of science for thirty years. The equivalence of heat and work is 
accepted as an established fact by engineers and mechanics, and the 
mechanical equivalent of heat, as determined by Joule, is made the 
basis of computations regarding the energy of fuel, etc., by practical 
men, without a question as to its correctness. But there is one con- 
clusion to which the theory leads, of great practical importance as 
regards the theory of steam-engines, which does not seem to have been 
as generally accepted, and yet it is just as firmly established as the 
fundamental principle of the equivalence of heat and work. A pound 
of carbon by its combustion in oxygen yields 14,400 heat-units, equal 
to 14,400 x 772 = 11,116,800 foot-pounds of energy. One horse-power 
should, therefore, be developed by the combustion of about one sixth 
of a pound of carbon per hour, while our best steam-engines require 
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about two pounds of coal per hour per horse-power. Hence it is said 
that the steam-engine is a very inefficient machine, which the genius of 
the future inventor may improve till a pound of coal is made to yield 
six, eight, or ten times the power it now gives. 

But, while the theory of thermodynamics asserts that the com- 
bustion of a pound of carbon yields an amount of heat equivalent to 
11,116,800 foot-pounds of energy, it also asserts just as clearly and 
just as firmly that, under the conditions which exist upon this planet, 
heat can not be transformed into mechanical effect without wasting a 
considerable portion of the energy due to it. In other words, if a given 
quantity of heat be taken from a source, as a steam-boiler, and made 
to do work by means of any form of engine, a considerable portion of 
that heat must, from the very nature of things under existing condi- 
tions, be allowed to pass through the engine and raise the temperature 
of other bodies to no useful purpose. It is to the discussion upon 
which this conclusion is based that I propose to devote this article. 

In a very valuable essay published in 1824, Carnot furnished us 
with a conception which is an exceedingly useful one in this investiga- 
tion. It is that of an engine completely reversible in all its physical 
and mechanical agencies. A water-motor which could be driven back- 
ward by means of some source of power, and would then raise to a 
given level as much water as it would use from that level to develop 
the power required to run it backward, would be a reversible engine. 
It is plainly to be seen that such a motor would be a perfect motor, 
and also a perfect pump. A reversible heat-engine would be one 
which, running forward and performing a certain amount of work by 
means of a given amount of heat derived from a source, would, if run 
backward by the performance upon it of the same amount of work, 
restore to the source the same amount of heat. 

A reversible engine in this sense is, of course, impossible in prac- 
tice, but the theoretical deductions from the conception are in no way 
invalidated by this fact. Such a heat-engine would be a perfect engine 
in the sense that it would produce as much mechanical effect as could 
be produced by any heat-engine under the same conditions from the 
same quantity of heat. The proof of this proposition rests upon two 
assumptions that are supported by all past experience, and may, there- 
fore, be regarded as physical axioms: 1. That a perpetual motion is 
impossible ; 2. That it is impossible by means of inanimate material 
agency to derive mechanical effect from any portion of matter by cool- 
ing it below the temperature of surrounding objects. 

A heat-engine when at work must carry heat from a body of high 
temperature (the source) to one of low temperature (the refrigerator), 
and experiment has proved that the amount of heat given to the re- 
frigerator is always less than that taken from the source. Now, let 
there be two heat-engines, A and B, of which B is reversible, working 
between the same source and refrigerator. Let each take the same 
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quantity, 7, of heat from the source, and, if possible, let A derive 
from this heat: more work than B. Let h be the quantity of heat 
carried to the refrigerator, and W the mechanical effect developed by 
B when running forward. Let W’, greater than W by hypothesis, be 
the mechanical effect developed by A. A may be used to run B back- 
ward, and, since B is perfectly reversible, will, in so doing, by the 
expenditure of the mechanical effect W, take from the refrigerator 
the amount A, and carry to the source the amount H of heat. The 
two engines so coupled would then develop the mechanical effect W’ 
— W, while no heat would be lost by the source. If A carries to the 
refrigerator the same quantity of heat that B takes away, the mechan- 
ical effect W’— W is developed without any change in external ob- 
‘ jects, v ‘thout any consumption of energy. This would constitute a per- 
petual motion, which, by the first axiom, is impossible. If A transfers 
to the refrigerator less heat than B takes away, the refrigerator will 
grow colder and colder, and, since for the purposes of this discussion 
all other bodies may be assumed to be at the same temperature as the 
source, this will present the case of a machine producing mechanical 
effect while taking heat from the coldest of surrounding bodies. This 
is contrary to the second axiom. Therefore, A can not do more work 
under the conditions named than B. The reversible engine, then, de- 
rives as much mechanical effect from a given amount of heat as can be 
derived by any heat-engine whatever working between the same tem- 
peratures. 

It follows further that all reversible engines working between the 
same source and refrigerator, and taking from the source the same 
amount of heat, must yield the same mechanical effect; in other 
words, must have the same efficiency. No matter what the working 
substance, or in what way heat is made to yield mechanical effect, so 
long as the process is completely reversible, the same amount of me- 
chanical effect will always be derived from the same heat taken from 
the source. 

It may be well to emphasize a little the first conclusion, that no 
heat-engine whatever can be more efficient than a reversible engine. 
If the reasoning is correct, no form of heat-engine, whether using 
air, or gas, or a condensable vapor, or a liquid, or a solid, as the work- 
ing substance, or using thermo-electric currents, or any other means 
of converting heat into mechanical effect, can be more efficient than 
any one of the reversible engines. There is no escaping this conclu- 
sion except through the perpetual motion, or the derivation of mechan- 
ical effect from the heat of a body already cold. It has been some- 
times claimed that the latter alternative was no impossibility, that 
the expansion of a compressed gas, the expansion of a gas into a vacu- 
um, or the diffusion of one gas into another, may perform work at the 
expense of its own heat, while being cooled down to a lower tempera- 
ture than surrounding bodies. But to compress the gas, or produce 
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the vacuum, or separate the gases preparatory to diffusion, requires an 
expenditure of energy at least equal to the mechanical effect to be 
derived. 

Since the reversible engine is as efficient as any heat-engine, and 
since all reversible engines of whatever construction and whatever the 
working substance have the same efficiency, it is allowable, in dis- 
cussing the question as to the amount of mechanical effect derivable 
under given conditions from a given amount of heat, to assume any 
form of reversible engine, using any working substance which may be 
most convenient. And it makes no difference whether the engine 
assumed be practically possible, so long as we know the properties of 
the working substance well enough to determine its action under the 
assumed conditions. Sir W. Thomson, before 1851, assuming Car- 
not’s engine with air as the working substance, furnished us with a 
very complete discussion of this question. The properties of air in 
relation to heat are very simple. Heat expands and cold contracts it 
with great uniformity. Compression heats and expansion cools it ac- 
cording to a well-known law. The effects of any change of volume or 
of temperature in the cylinder of an engine can, therefore, be exactly 
predicted. 

Suppose a given mass of air to be compressed and the heat devel- 
oped by compression removed, so that its temperature remains con- 
stant. The pressure exerted by it will increase, as shown graphically 
in the annexed diagram, where O a, measured on the horizontal axis 

O x, represents the initial 

Y 0 Fic. I. volume, and @ e perpen- 
dicular to O x represents 

the pressure exerted at that 

volume. Ob, Oc, and O 

d, represent other volumes, 

and 6 f,c g, d h, the corre- 

sponding pressures. The 
x curved line e fg A, drawn 

through the extremities of 

the perpendiculars, repre- 
sents to the eye the relation between volume and pressure when tem- 
perature is constant. It is called an isothermal line. Now, suppose 
the air to be compressed without loss or gain of heat. It is warmed 
by compression, and the rise of temperature causes it to exert a greater 
pressure. If, then, the substance be at the same initial volume, pres- 
sure, and temperature as before, and it be compressed to the volume O 
6 without loss of heat, the pressure exerted will be 6 m greater than 
b f. Similarly the pressure ¢ n will correspond to the volume O ¢, 
and doto Od. The line7Z mn 0, which shows the relation between 
volume and pressure when no heat enters nor escapes, is called an 
adiabatic line. 
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Carnot’s engine consists of a cylinder having no outlet nor inlet, 
with an air-tight piston inclosing a mass of air which changes in vol- 
ume with the movements of the piston. The piston and sides of the 
cylinder are supposed to be perfect non-conductors, while the bottom of 
the cylinder is a perfect conductor of heat. The engine has a source 
of heat and a refrigerator, whose temperatures are supposed to remain 
absolutely coristant whether parting with or receiving heat. There is 
also a non-conducting stand, on which, if the cylinder be placed, no 
heat can enter or escape from it, however much the air within it may 
change in temperature. In the working of the engine there are four 
operations, as follows : 

First Operation.—The air is supposed to be at the temperature of 
the refrigerator, which may be designated by ¢, and to have a volume 
represented by O a, and pressure represented by a A (Fig. 2). The 
cylinder is supposed to stand 
upon its non-conducting support. B Fic. I 
The piston is now depressed, isis 
and, since no heat can escape, ‘i 
the air rises in temperature. 
The compression continues till 
the temperature of the air be- 
comes that of the source, which 
we designate by Z: The rise in 
pressure will be represented by 
the adiabatic line A B. Let 9 * 
O b represent the volume and 
B 6 the pressure at the end of the operation. It is plain that work 
must have been done to compress the air, equal to the space swept 
through by the piston multiplied by the mean pressure ; but this is 
represented by the area ofthe figure A B 6 a. 

Second Operation.—The cylinder is placed upon the source of heat 
and the piston allowed to rise, being forced upward by the pressure of 
the air. The bottom of the cylinder being a perfect conductor, heat 
will enter so rapidly as to maintain the temperature of the air while it 
expands. The pressure therefore falls, as indicated by the isothermal 
line BC. Let this operation continue until an amount of heat / is 
taken from the source, and suppose O c to represent the volume and 
e (the pressure of the air at that time. It will be seen that during 
this operation work represented by the area B Cc b will have been 
done by the air. 

Third Operation.—The cylinder is returned to its non-conducting 
support. The upward stroke of the piston continues, and the air ex- 
pands without receiving heat, until its temperature falls to that of the 
refrigerator, that is, to the temperature that it had at the beginning of 
the first operation. The fall of pressure is represented by the adia- 
batic C D, and work represented by the areaC D d c is done by the air. 
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Fourth Operation.—The cylinder is placed upon the refrigerator, 
the piston caused to descend, and the air compressed until its initial 
volume is reached. Since the bottom of the cylinder and the refrigera- 
tor are supposed to be perfect conductors, the heat generated by the 
compression will escape to the refrigerator, and the temperature of the 
air will remain constant. The air is now in the same condition as 
regards temperature, volume, and pressure, as at the beginning of the 
first operation. The isothermal line, which represents the rise of pres- 
sure during the last operation, must, therefore, pass through the start- 
ing-point A. During this operation work represented by the area A 
D da must be done upon the air, and a certain amount of heat—all 
that generated by compressing the air—must be given up to the re- 
Jrigerator. 

It will be noticed that, during the second and third operations, work 
represented by the area B C D d b is done by the air, and during the 
first and fourth operations work represented by B A Dd 6b is done 
upon the air. During the complete cycle of operations, therefore, me- 
chanical effect is developed equivalent to the difference between these 
areas, or to the area B C DA, This figure is, in fact, the indicator 
diagram of the engine. During the second operation, heat represent- 
ed by H was taken from the source, and during the fourth operation 
heat represented by / was given to the refrigerator. During the cycle 
of operations, heat equal to 7—/ has disappeared, and, since the work- 
ing substance is at the end of the cycle in precisely the same condi- 
tion as at the beginning, this heat must be the equivalent of the me- 
chanical effect developed, and the efficiency of the engine is H—h 

H 

But it is easily shown that this cycle of operations is a completely 
reversible cycle. For suppose the substance at its initial volume O a, 
pressure A a, and temperature ¢. Place the cylinder on the refrigera- 
tor,and allow the air to expand to the volume Ad. The same iso- 
therm A DP that represented the rise in pressure in the reverse opera- 
tion will now represent the fall, and the same heat A that was before 
given to the refrigerator will now be taken from it. Now let the cyl- 
inder be placed upon its non-conducting support and the piston descend 
till the volume becomes Oc. Since.no heat escapes, the rise of pressure 
will be represented by the adiabatic D C, and the temperature will 
rise by the same amount as it fell during the expansion from ¢ to d, 
that is, from ¢, the temperature of the refrigerator, to 7, that of the 
source. Now, let the cylinder be placed upon the source, and the de- 
scent of the piston continue till the volume of the air becomes O 4, the 
temperature remains that of the source, the isotherm C B represents 
the rise in pressure, and heat is given to the source precisely equal to 
the amount taken from it during the expansion from 6 to c in the direct 
working of the engine. Now let the cylinder be placed upon its non- 
conducting support, and the piston rise till the volume becomes O a. 
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Since no heat can enter, the temperature will fall to ¢, and the pressure 
to Aa. It is easy to show that, during this reverse cycle, an amount 
of mechanical energy represented by A B CU D has been expended, 
and it is seen that heat equal to A has been taken from the refrigerator, 
and heat equal to H given to the source. The engine is, therefore, a 
perfectly reversible engine in the sense before defined, and it has al- 
ready been seen that no other heat-engine of whatever construction, 
steam, gas, hot air, thermo-electric, or whatever it may be, working 
between the same temperatures, could develop more mechanical effect 
from the heat H taken from the source. In other words, any heat-en- 
gine working between the temperatures 7’ and ¢, and taking from the 
source the amount H of heat, must transfer to the refrigerator an 
amount of heat at least equal to A; the amount given up by our rever- 
sible engine under the same conditions. It remains to be seen what 
relation this bears to the heat taken from the source. 

Experiment proves that the lower the temperature the smaller is /, 
and it is evident that if the temperature of the refrigerator had been 
lower the isotherm -A D would have been O X. The area A BC D 
would then be greater, and, since this represents the work done by the 
engine in one revolution, it is seen that this is greater the lower the 
temperature of the refrigerator. It appears, then, that the propor- 
tion of the heat taken from the source which can be converted into 
mechanical effect, is greater as the temperature of the refrigerator is 
lower, and the question arises, how low must this temperature be in 
order that the whole of the heat may be so converted. Perhaps the 
best way of approaching this question is by Sir W. Thomson’s abso- 
lute scale of temperature. This may be defined as a scale upon which 
the temperatures of any two bodies are to each other as the heat re- 
ceived is to the heat rejected by a reversible heat-engine using one of 
the bodies as a source and the other as a refrigerator. That is, if 7’ 
and ¢ are the temperatures upon the absolute scale of our source and 
refrigerator, 7’: ¢ :: H:h, or T—t: T=H—hA: H. 

Let 7’ be the temperature of boiling water, and ¢ that of melting 
ice, and let 7—¢ = 180°, as in the Fahrenheit scale. From the prop- 
erties of air we know that if it is used as the working substance of a 
reversible engine, with a source at the temperature of boiling water and 
a refrigerator at the temperature of melting ice, H—h : H:: 100 : 373 
nearly. Hence 

180.: 7':: 100 : 373 

T= 671°4 

and ¢ = 491°4, 
Any other temperatures may be easily determined. Suppose BC 
(Fig. 2) be the isotherm corresponding to the temperature of boiling 
water, A D that corresponding to that of melting ice, and mn an 
isotherm corresponding to some intermediate temperature, that marked 
100° on the Fahrenheit scale, for instance, whose temperature ¢’ upon 
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the absolute scale we wish to determine. We have as above 7—¢: 7’ 
:: H-h: H, and T—t': 7:: H—h' :h’, if h’ is the heat rejected 
at the temperature ¢’. Hence 7—¢: 7—?t’:: H-h: H—jh'. But 
H—h is the heat converted into work by an engine working between 
the temperatures 7’ and ¢, and is proportional to the area B CD A. 
Also H—j’ is the heat converted into work by an engine working 
between the temperatures 7’ and ¢’, and is proportional to the area 
BCmn. Therefore 7—t: 7—?’ :: area BCDA:areaBCmn; 
or 180° : 7—?’ :: area B CDA: area BCmn. 

Having the data for constructing the isothermal and adiabatic 
lines, the areas B CDA and BCmn can be computed, and hence 
t’ determined. The divisions of an absolute scale so constructed are 
found to correspond very closely with the divisions of the air-ther- 
mometer, and to differ but little from the divisions of the Fahrenheit 
scale. We are led, then, to the conclusion that to convert all the en- 
ergy of a given amount of heat into mechanical effect, a refrigerator 
at a temperature of 491 Fahrenheit degrees below the melting-point 
of ice, or 459° below zero Fahr., is necessary. 

Let us recapitulate briefly the points of this argument. 

1. It is impossible for any heat-engine, of whatever construction, 

to convert into mechanical effect a larger proportion of the heat de- 
rived from a given source than can be done under the same condi- 
tions by a reversible engine. This proposition can not be denied with- 
out involving a denial of two physical axioms which are founded upon 
the results of all past experience, viz. : That the perpetual motion is 
impossible, and that “it is impossible by means of inanimate material 
agency to derive mechanical effect from any portion of matter by 
cooling it below the temperature of the coldest of surrounding ob- 
jects.” 
2. That all reversible engines, whatever the working substance, 
have the same efficiency ; that is, taking from the source the same 
quantity of heat HH, they will transfer to the refrigerator the same 
quantity A, and convert into mechanical effect the same quantity H—h. 
Hence whatever results are derived from a discussion of any one form 
of reversible engine will be true of all others. 

3. If a scale of temperature be constructed such that the tem- 
perature of the source is to the temperature of the refrigerator of a 
reversible engine as the heat derived from the source is to the heat 
given to the refrigerator, the scale divisions will differ but little from 
the divisions of the scales in common use. The efficiency of an engine 
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4. Upon such a scale, if there are, as in the Fahrenheit scale, 
180° between the freezing and the boiling points of water, the for- 
mer point would be numbered 491°4 and the latter 671°4. The pos- 
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sible efficiency of an engine working between these two temperatures 


would therefore be aid we Sd 27 per cent. nearly. 
671°4 

Heat-engines are often spoken of as very inefficient machines, be- 
cause they transform into mechanical effect but a small proportion 
of the heat used. The inefficiency is not so much the fault of the ma- 
chine as of the conditions under which it is worked. Consider the case 
‘of a condensing engine with a boiler pressure of 45 pounds and a vac- 
uum of 25 inches of mercury. The temperature of the source is here 
about 294° and of the refrigerator 140° Fahr. The possible efficiency 
under these conditions is about 20 per cent., that is, a perfect engine 
working between those temperatures could give in mechanical effect 
no more than one fifth the energy of the heat. The best steam-en- 
gines would, under these circumstances, give one-horse power for some- 
thing less than two pounds of coal per hour. This is an efficiency of 
10 or 12 per cent., or more than half the possible efficiency. The en- 
gine, as a machine, is not so very imperfect. In speaking of the engine, 
I of course include the boiler as a part of the machine. Any great 
improvement must come from an increased range of temperature be- 
tween the source and refrigerator. The temperature of the refriger- 
ator can not well be lower than the general temperature of surround- 
ing objects, and there are great practical difficulties in the way of a 
very high temperature of the source. Suppose an engine could be 
worked with a source at a temperature of 1250° of the absolute scale, 
or nearly 800° Fahr., and a refrigerator at 500° of the absolute scale, 
or nearly 40° Fahr., the possible efficiency would be 1—+',%,, or only 
60 per cent. It appears, then, that there is not much hope that any 
large percentage of the energy of heat can, by any practical means, 
be converted into mechanical effect. But are we, for this reason, 
to continue wasting the energy of fuel as it is wasted now? Is 
there no other way in which the energy of chemical separation of car- 
bon from oxygen can be converted into mechanical effect except by 
first converting it into heat? Why may not the union of carbon with 
oxygen be made to generate electric currents instead of heat? Elec- 
tric energies have been made that convert into mechanical effect 60 to 
70 per cent. of the energy of the electric current, and a much higher 
efficiency might, no doubt, be obtained. Already something has been 
done toward the generation of electric currents by the union of carbon 
and oxygen ; but, so far, no means has been discovered by which such 
a union can be effected, except at a high temperature, and this involves 
a great waste of energy in the form of heat. A discovery that would 
enable us to convert the energy of fuel into electric currents directly 
and completely would revolutionize, not only the methods of obtaining 
power, but the methods of obtaining light and distributing heat as 
well, I have shown elsewhere that, if a Brayton oil-engine is used to 
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drive a dynamo-electric machine producing the electric light, more 
than twice as much light will be developed as would be obtained if 
the oil that runs the engine were burned in the ordinary coal-oil lamps. 
How much greater would be the economy if the energy of the oil could 
be converted directly into the energy of the electric current ! 

For warming buildings, the furnace would become an electric gen- 
erator, from which wires, instead of pipes for steam or hot air, would 
lead to the rooms to be heated, when, by interposing a suitable resist- 
ance, the energy of the current would be converted into heat. The 
probability of being able to convert the energy due to combustion of 
fuel into electric instead of heat energy may be very small ; but it is 
at least a possibility ; that is, there is no known reason in the nature 
of things why it can not be done, while it is demonstrated that the 
whole of the energy of heat can not be converted into mechanical effect, 
except by means of a refrigerator at a temperature of nearly 500° 
below that at which water freezes—a temperature which has never 
yet been reached, and which it is impossible to obtain with our pres- | 
ent surroundings, except by an expenditure of energy equal to that 
which would be gained. 


SKETCH OF GEORGE BOOLE. 


” ae pray who is George Boole, that he should be pictured and 

sketched in ‘The Popular Science Monthly’? We thought 
this department was to be devoted to scientific celebrities, chiefly con- 
temporaneous ; but who is this Boole ?” 

Such will probably be the exclamation of nine of our readers out 
of ten ; but the tenth, or more safely the hundredth, reader will know 
that George Boole was a man of a very high order of genius, a pro- 
found and most original thinker of this century, who will be known in 
future by his contributions to mathematical and logical science. Yet 
he can never be widely known, for his work was so recondite that those 
who can properly appreciate it will always be but very few. We 
gather the following particulars of his life from the last edition of the 
“Encyclopedia Britannica” : 

GrorceE Boots was born in Lincoln, on the 2d of November, 1815. 
His father was a tradesman of limited means, but of studious charac- 
ter and active mind. Being especially interested in mathematical sci- 
ence, the father gave his son early instruction in the rudiments of the 
science he was so greatly to advance ; but it is remarkable that the 
extraordinary mathematical powers of George Boole did not manifest 
themselves in early life, as was the case with Zerah Colburn, Babbage, 
Pascal, Leibnitz, and Saunderson. The classical languages formed at 
first the favorite subject of his studies. It was not until he had at- 
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tained his seventeenth year that he attacked the higher mathematics, 
and his progress was much retarded by the want of efficient help. 

When about sixteen years of age he became assistant master in a 
private school in Doncaster, and he maintained himself to the end of 
his life in one grade or other of the scholastic profession. Few dis- 
tinguished men, indeed, have had a less eventful career. Almost the 
only changes which can be called events are his successful establish- 
ment of a schdol at Lincoln ; its removal to Waddington ; his appoint- 
ment, in 1849, as Professor of Mathematics in Queen’s College, Cork ; 
and his marriage, in 1855, to Miss Mary Everest. 

His works are comprised in about fifty scattered articles and a few 
separate and individual publications. Only two systematic treatises 
on mathematical subjects were completed by Boole. These were a 
“Treatise on Differential Equations,” which appeared in 1859, and 
was followed, next year, by a “‘ Treatise on the Calculus of Finite Dif- 
ferences,” designed to serve as a sequel to its predecessor. In the six- 
teenth and seventeenth chapters of the former work he lays down a 
lucid exposition of the symbolic method, the bold and skillful employ- 
ment of which led to his chief discoveries. 

Boole was one of the most eminent of those who perceived that the 
symbols of operation could be separated from those of quantity and 
treated as distinct objects of calculation. His principal characteristic 
was perfect confidence in any result obtained by the treatment of sym- 
bols in accordance with their primary laws and conditions, and an 
almost unrivaled skill and power in tracing out these results. 

During the last few years of his life, Boole was constantly engaged 
in extending his researches, with the object of producing a second edi- 
tion of his “ Differential Equations,” much more complete than the 
first edition ; and part of his last vacation was spent in arduous study 
in the libraries of the Royal Society and the British Museum, for the 
parpose of acquiring a complete knowledge of the less accessible origi- 
nal memoirs on the subject. It must be always a matter of regret 
that this new edition was never completed. Even the manuscripts 
left at his death were so incomplete that Mr. Todhunter, into whose 
hands they were put, as literary executor, found it impossible to use 
them in the publication of a second edition of the original treatise, 
and printed them, as a supplementary volume, in 1865. 

Profound and important as were Boole’s discoveries in pure mathe- 
mati¢s, his writings on logic may be considered as still more original. 
With the exception of De Morgan, he was probably the first English 
mathematician since the time of Wallis (1616-1703) who had also 
written upon logic; and his wholly novel views of logical method 
were due to the same profound confidence in symbolic reasoning 
to which he had successfully trusted in mathematical investigation. 
From the preface to his “ Mathematical Analysis of Logic,” printed as 
a separate tract in 1847, we learn that speculations concerning a cal- 
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culus of reasoning had, at different times, occupied Boole’s thoughts, 
but it was not till the spring of 1847 that a memorable logical con- 
troversy led him to put his ideas into a definite form. He afterward 
regarded this pamphlet as a hasty and imperfect exposition of his logi- 
cal system, and desired that his much larger work, “ An Investigation 
of the Laws of Thought,” etc, (1854), should alone be considered as 
containing a mature statement of his views. 

This is Boole’s greatest work, and is an attempt to apply the sym- 
bols and operations of mathematics to logic and the laws of thinking. 
The object of the work, as stated by himself, is “to investigate the 
fundamental laws of those operations of the mind by which reasoning 
is performed ; to give expression to them in the symbolical language 
of a calculus, and upon this foundation to establish the science of 
logic and construct its method ; to make that method itself the basis 
of a general method for the application of the mathematical doctrine 
of probabilities ; and, finally, to collect from the various elements of 
truth, brought to view in the course of these inquiries, some probable 
intimations concerning the nature and constitution of the human mind.” 

Of this work Professor Todhunter,-in the preface to his “ History 
of the Theory of Probabilities,” speaks as “marvelous” ; and, in simi- 
lar language, Professor W. Stanley Jevons speaks of it as “one of the 
most marvelous and admirable pieces of reasoning ever put together.” 

It is often supposed that mathematicians are deficient in judgment 
and knowledge of other matters. In Boole this was not the case ; 
for, though he published little except his mathematical and logical 
works, his acquaintance with general literature was wide and deep. 
Dante was his favorite poet, and he preferred the “Paradiso” to the 
“Inferno.” The metaphysics of Aristotle, the ethics of Spinoza, the 
philosophical works of Cicero, and works of a kindred character, were 
frequent subjects of his study. 

The personal character of Boole inspired all his friends with the 
deepest esteem. He was marked by the modesty of true genius, and 
his life was given to the single-minded pursuit of truth. Though he 
received a royal medal for his memoir (“ Philosophical Transactions of 
the Royal Society,” 1844), and the honorary degree of LL. D. from 
the University of Dublin, it may be said that he neither sought nor 
received the ordinary rewards to which his discoveries entitled him. 

“On the 8th of December, 1864, in the full vigor of his intellectual 
powers,” says W. Stanley Jevons, in his tribute to his friend’s life and 
genius, “George Boole died of an attack of fever, ending in suffusion 
on the lungs.” 

The mathematical and logical works of Boole are by far too ab- 
struse to admit of their being used as text-books in schools of even the 
highest grades ; but as works of reference they are invaluable to ad- 
vanced students and the special cultivators of pure mathematics and 
the profounder problems of logic. 
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THE BOSTON SCIENTIFIC MEETING. 
HE twenty-ninth annual meeting 
of the American Association for 

the Advancement of Science, which be- 
gan on the 25th of August, in Boston, 
was in every respect a most successful 
affair, and will be memorable both in 
the history of the Association and to 


all who had the pleasure of attending | 


it. A large amount of excellent scien- 
tific work was accomplished, as shown 
by the fact that no less than two hun- 
dred and eighty original scientific pa- 
pers were entered for reading at the 
different sections. 


pendent research, and they all evinced 
a strong and healthy activity of the 
spirit of investigation. 


was the largest ever held by this body. 


The session opened on Wednesday, and 


by the succeeding Tuesday evening nine | 
hundred and seventy-nine persons were | 
registered, and of these five hundred | 


and ninety-five were new members. 
As a happy and novel consequence, 


there will now be some surplus funds | 


for the Association to use in aid of im- 
portant researches. 

To say that Boston did justice to the 
occasion is not enough, for justice is a 
thing of degrees. Boston did splendid 
justice—redeemed every expectation, 
which is saying a géod deal, and did 
that ample honor to science both in 
public and in private which science well 
deserves. Whatever could be done to 


facilitate the work of the Association | 
and to make it pleasant for all its mem- | 
The hospitalities were | 


bers was done. 
cordial and profuse. The corporations 
of Boston and Oambridge and wealthy 
private citizens gave entertainments to 
the Association, which were luxurious, 
elegant, and in excellent taste. Free 


Many of these were | 
able and valuable contributions to inde- 


The meeting | 


excursions were provided to all points 
of interest in the vicinity, and, when 
work was through, a large lot were 
sent off to the White Mountains in 
charge of the Apalachian Club. Every 
detail of preparation had been care- 
fully attended to by numerous efficient 
committees, and the completeness of the 
smooth-working arrangements excited 
the admiration of all. It is hard to suit 
everybody, but we must say that this 
feat was for once accomplished. Even 
where idiosyncrasies were jostled, only 
smiles were elicited. Nine hundred 
and fifteen persons accepted the city’s 
invitation to take a trip down the bay 
| in a commodious steamer. A generous 
collation was provided in the cabin, and 
when the guests had partaken of it, as 
they passed to the deck above, each 

gentleman was presented with an en- 

velope on which was stamped, “The 

City of Boston welcomes the American 

Association for the Advancement of 
Science.” Each envelope contained 
| three choice cigars, and we mention the 
fact merely to say that the most fanat- 
| ical non-smokers benignly accepted the 
| graceful attention, and either kept their 
| little prize as a souvenir of the occasion, 

or enjoyed the cigars by presenting them 

to their favored friends. Whatever was 

interesting in Boston in the shape of 

institutions and attractive features was 
| open to the members, and multitudes of 
| them profited by the opportunity. Invi- 
tations were cordially extended to visit 
the American Academy of Arts and 
Sciences, the Massachusetts Historical 
Society, the Boston Society of Natural 
| History, the Society of Decorative Art, 

the Warren Museum of Natural His- 
| tory, the Boston Public Library, the 
| Atheneum Library, the commandant 
| of the Charlestown Navy Yard, the 
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Metric Bureau, Tufts College, the Wa- 
tertown, Arsenal, the Old South, and 
many other places of interest to stran- 
gers. 

It has been objected that too much 
time is generally spent at these meet- 
ings in social enjoyment; but it is not 
to be forgotten that this is a cardinal 
object of the organization. It is both 
possible and desirable that in future 
years the management will be so im- 
proved that the social element with- 
out being impaired will be so regulated 
as to economize time and offer the 
least hindrance to the , legitimate and 
solid work of the society. But the 
Association grew out of a social need 
which is more urgent, perhaps, in this 
country than in any other. The organ- 
ization of the British Association for 


the Advancement of Science, half a | 


century ago, was not only a very im- 
portant movement in giving efficient 
direction to scientific labor, but it was 
an inevitable result of the growth of 
scattered activities which required to 
be brought into codperative relations. 
It was found that scientific observers, 
experimenters, and discoverers are not 
mere eccentric and infatuated devotees, 
content to pass their lives in the clois- 
tered seclusion of laboratories and ob- 
servatories, but that they are normal 


human beings with social sympathies | 


and necessities, who require to know 
each other and to be brought into re- 
lations of freer intercourse with the 
people. The British Association was 
formed for the promotion of the inter- 
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the ranks of scientific students, scien- 
tific work became more effective and 
efficient, and the people extended to it 
increasing encouragement and a more 
hearty and liberal support. 

So successful was this plan of oper- 
ations devised and carried out by the 
English scientists, that it has been imi- 
tated in different nations, and with the 
same satisfactory results. In this coun- 
try such a project was both more ne- 
cessary and more difficult. The scien- 
tific men were here widely distributed 
| over a continent, and generally worked 
| alone in the colleges, so that they very 
| rarely met their brethren to compare 
‘notes and gain the benefits of mutual 
criticism. In England it was different. 
London was a great center of resources, 
a sort of scientific world of itself, while 
the country is so small that the me- 
tropolis is readily accessible to every- 
body. In the United States there was 
| no such commanding center of scien- 
| tific influence, and the distances and 
| the expenses of travel were so great 
| that scientific professors, generally liv- 

ing upon small salaries, could hardly 
| afford to travel, even if there had been 
| any great central headquarters to visit. 
| The adoption of the English plan of a 
| movable scientific association, to hold 
its meetings in different and widely 
separated localities, met the require- 
| ments of our scientific men to a much 
| greater degree than it did the English. 
This kind of association, therefore, 

| does a more important work here than 
| anywhere else. There are obstacles to 








ests of science by systematizing the | the advance of science which are more 


work of research, and by bringing large | refractory in the United States than 
numbers of scientific men together an- | anywhere else. Institutions for train- 
nually for several days, and it was made | ing scientific men are neither so nu- 
migratory that its public influence | merous nor so thorough as in England 
might become effective in all parts of | and on the Continent. Material inter- 
the country. The advantages of this | ests are more absorbing, and the effect 
associated action were real and impor- | of our “ popular intelligence ” is that 
tant, and it was proved that the time | subjects and questions foreign to sci- 
had fally come to enter upon it. A | ence have an intense hold and a pre- 
new impulse was given to original | dominant control over the public mind. 


study; there were new accessions to | There is no way to stem these tenden- 





EDITOR’S TABLE. 


cies that is so adequate and practical as 
this annual gathering of scientific men 
in the different cities, and under the 
conditions secured by the American 
Association. 

The problem of its success is one of 
social dynamics. There are resistances 
to be overcome in the shape of difficul- 
ties in bringing scientific men together 
from distant points, and of public apa- 
thy toward the interests of science. 
The American Association has been 
checked by these impediments, but it 
has made headway in spite of them. 
There has been a varying success at its 
different meetings, but on the whole 
the most encouraging progress, which 
is signalized by the fact that the last 
meeting has been the most successful 
and satisfactory of all. 

We print the able and interesting 
address of the retiring President, Dr. 
George F. Barker. It is a model dis- 


course of its class, reporting the pres- 
ent state of knowledge upon a subject 
of grave interest, and in a style suited 


to all readers of general intelligence. 

Dr. Lewis H. Morgan, of Rochester, 
presided with an easy dignity over the 
general sessions of the meeting, and he 
could not fail to be gratified with the’ 
increasing interest shown in the ethno- 
logical studies to which he has so long 
devoted himself, and of which he is 
now the most eminent American rep- 
resentative. The section dealing with 
these subjects had many instructive pa- 
pers and a full attendance throughout 
the meeting. 

Professor George J. Brush, of New 
Haven, was elected the next President, 
and will preside over the meeting to be 
held at Cincinnati, beginning August 
17, 1881. 


THE NEW PHOTOPHONE. 


Tue most striking result brought 





out at the late meeting of the American 
Association had reference to the rela- | 
tions of sound and light, and was due | 
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to the joint labors of Mr. A. Graham 
Bell and Mr. Sumner Tainter, of Bos- 
ton. The luminous ray, whether of 
sunlight or from an artificial source, was 
shown to be capable of transmitting 
articulate sounds, as the wire transmits 
them in the case of the telephone. The 
mechanical combination by which this 
effect is produced is called the photo- 
phone. We print in full Mr. Bell’s pa- 
per describing the principle and mechan- 
ism of the contrivance, and the experi- 
ments by which it was elucidated and 
brought into shape. The metal sele- 
nium, discovered in the early part of 
the century, but hitherto of no practi- 
cal use, here comes into prominence. 
It was known to have curious proper- 
ties, shifting into allotropic forms with 
the most contrasted characters, and 
changing its electrical relations in a re- 
markable manner under the influence of 
light. Under the arrangements of the 
inventors, rays of light give rise to sound 
by impinging upon a surface of seleni- 
um—sounds which are audible through 
the telephone either as continuous mu- 
sical notes of different pitches, or as 
vocal communications. Though it is 
said that light produces the effect, yet 
this is not strictly true; for a thick 
plate of India-rubber, if interposed in 
the path of the acting beam, intercepts 
all the light but still permits the pas- 
sage of the radiant force which pro- 
duces the sound. It is some dark ray 
accompanying the light proper that does 
the work. The experimenters have 
found also that other substances share 
with selenium the property here made 
available, though in a less degree. We 
thus have another step in the rapid 
progress of molecular physics and the 
marvelous interaction of forces which 
is sure to stimulate experimental inqui- 
ry, though whether it will confound 
past conclusions and clear up past mys- 
teries it is impossible to say. And 
equally impossible is it to say whether 
the photophone will turn out to be of 
any practical use. But it is certainly 
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unsafe todeny it. The telephone is but 
a thing of yesterday, and was at first 
supposed to be only a curious play- 
thing. But already “there’s millions 
in it.” How far it is developed as a 
business is shown by the fact that a 
convention of twenty-one companies 
meets at Niagara to look after the in- 
terests of this new and rapidly extend- 
ing means of intercommunication. 
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THe Brain aS AN ORGAN oF Minp. By 
H. Cuarittron Bastian, M. D., F. R. S. 
D. Appleton & Co. Pp. 708. Price, $2.50. 

Dr. Bastt1an’s new book is one of great 
value and importance. The knowledge it 
gives is universal in its claims, and of mo- 
ment to-everybody. It should be forthwith 
introduced as a manual into all colleges, 
high schools, and normal schools in the 
country. Not to be made a matter of ordi- 
nary mechanical recitations, but that its 
subject may arrest attention and rouse in- 
terest, and be lodged in the minds of stu- 
dents in connection with observations and 
experiments that will give reality to the 
knowledge acquired. 

As often illustrated in the pages of this 
magazine, we know nothing of mind except 
as an organic manifestation. Throughout 
the entire scale of animate nature, intelli- 
gence is an endowment of a nervous mech- 
anism; and the gradations of intelligence 
correspond to and depend upon gradations 
in the structure of the nervous system. 
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center of nervous operations. We are born 
high or low in the intellectual grade accord- 
ing to the properties of this mechanism ; 
and these properties are variable in an al- 
most infinite degree. We get the benefit 
of a perfected stock through generations of 
cultivation, or we inherit incapacity through 
generations of neglect, the results in both 
cases being embodied in the nervous organ- 
ism. It is therefore impossible to get at 
the science of mind so as to grasp the laws 
of mental growth, or rationally to carry on 
the work of mental cultivation without a 
knowledge of the vital mechanism by which 
all mind is displayed. No book, therefore, 
can be fitter for collegiate study or as a 
guide in the work of education than a well- 
prepared treatise on the physiological basis 
of intelligence. There are many valuable 
publications upon this subject, but we have 
seen none among them that promises to be 
so satisfactory as a text-book as Dr. Bas- 
tian’s work on “The Brain as an Organ of 
Mind.” 

We have often discussed this subject, 
but its great importance, and the disposi- 
tion to ignore it, nay, the actual dread of it 
on the part of many well-meaning people, 
make it necessary that there should be no 
relaxation in the efforts to diffuse correct 
ideas concerning it. For thousands of years 
the mind has been regarded as an entity be- 
longing to an immaterial sphere, in some 
mysterious way brought into relation with 
the material order, but still so separated 
from it, and so far above it, that mental 
problems must be studied alone, and only 
by their own peculiar methods. This is the 
metaphysical point of view which was uni- 


The laws of mind have their basis in this versally pursued before science arose, and 


material substratum, and mental operations 
are conditioned upon physiological process- 
es. The wonderful apparatus of sensation, 
distributed over the periphery of the body 
and relating the individual to all that is 
outward, and the still more wonderful or- 
gan of consciousness and mental power— 
the great cerebral center—are material 
structures, and the psychical effects which 
they produce are accompaniments of mate- 
rial molecular change. 
and remember, and imagine, and carry on 


all the processes of reasoning through the | 


corporeal activities of the brain as the great 





We think, and feel, | 
| prefer the older and easier method, regard- 


is still the prevailing method of regarding 
mental phenomena, But it is a partial 
method, dealing only with one side of the 
subject, and lacking the foundation that is 
necessary to give scientific clearness and 
validity to the study of mind. Modern sci- 
ence has given a new extension to mental 
studies, but it has at the same time greatly 
complicated them, and introduced a factor 
requiring laborious and progressive elucida- 
tion; and the consequence is, that many 


less of the character of the results. Multi- 
tudes also shrink with a kind of horror from 








the association of anything material with 
so pure and spiritual a study as that of 
mind. Said an eminent spiritual-minded 
teacher to the writer, “* hate that word 
‘organization’ worse t!: 1 any other in the 
language.” It is neec ‘ess to say that this 
attitude of mind is as far as possible from 
scientific, and has not truth for its object. 
Yet the prejudice is powerful, both in para- 
lyzing the minds of individuals and in hin- 
dering educational improvement. All the 
colleges and high schools in the country 
make loud professions of the thoroughness 
of their work, and they are every one occu- 
pied in dealing with the human brain; but, 
if there has ever been a book on the brain 


introduced into one of them for systematic | 


study, we have never heard of it, and we 
have not been unheedful of the subject. 
Years are given to the most unspeakable 
rubbish—to subjects of study so vacant of 
all use that their continuance is becoming 
an open scandal; while a knowledge of the 
laws of the great organ of thought, that 
“institution of God” which gives law to 
the mental world, is passed by as unworthy 
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in introspection. This source of acquaint- 
ance with mental operations is immediate 
and direct, and of the highest authority 
for the individual; but it is incomplete 
and liable greatly to mislead from this 
cause. This is known as the subjective 
field of inquiry. But it is possible to 
know something about the minds of other 
people in a different way. We know by 
experience that mind has its outward ex- 
pressions, and these expressions in others, 
which are of the most varied kind, become 
indications to us of their mental states. In 
the same manner we acquire a knowledge 
| of the mental activities and capacities of 
the lower animals, which manifest in vari- 
ous degrees the endowment of intelligence. 
What we observe without, in this way, con- 
stitutes the sphere of objective psychology. 
| But there is another capital source of a 
knowledge of mind, which comes from in- 
| vestigating the organic structures and func- 
| tions by which it is manifested in all its 
| grades and forms. We here study the 
| brain and nervous system, tracing its evolu- 
tion from the lowest germ to the highest 














of any serious attention. If the graduates | development, and tracing the growth of the 
from our colleges, normal schools, acade- | brain of man from its embryonic rudiments 
mies, and high schools, as they come forth, | to the mature and perfected structure. This 
diploma in hand, were questioned as to the branch of the study of the mind is marked 
structure, powers, and organic relations of | off from the others by applying to it the 
the brain they profess to have been culti- | term neurology. The following diagram, 
vating, would it not be found that their ig- from Dr. Bastian’s chapter entitled “The 
norance is quite as great as that of those who | Scope of Mind,” is designed to show how 
have never had the advantage of a higher | all these departments of study require to 


education? The subject has been too long | be combined in order to produce a true sci- 








and too grossly neglected, and we are glad 
of the appearance of Dr. Bastian’s 
book, as it will take away all excuse 


| ence of mind: 
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for further neglect on the score ge gates of Conse, ee 
that there is no suitable manual of ective Psycho Sy 
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Our author does not attempt in this vol- 
ume to give us a complete exposition of 
mental science. He has, indeed, to deal 
with subjective psychology and with objec- 
tive psychology, but he treats these aspects 
of mental study in relation to the third 
great mental division, the organic conditions 
which are the latest results of scientific in- 
vestigation. From this point of ,view, the 
whole subject assumes a new interest, and 
becomes far mere practical than by the pre- 
vious partial modes of examination. Dr. 
Bastian has done all that it was possible to 
do to bring his topic within the range of 
popular apprehension. Much of his volume 
will be read with pleasure and profit by all 
classes; but much of it also requires study 
and a mastery of its indispensable techni- 
calities. The work can not be put to its 
proper and highest use unless the objects 
of which it treats are to a certain extent 
made real to the mind of thestudent. Dia- 
grams, of which there are a great profusion, 
and finely executed, are helps, but they can 


not be put in the place of the objects they | 
represent without a sacrifice of the first | 


condition of true scientific knowledge—the 
bringing of the mind into contact with the 
real things. But there is happily no seri- 
ous impediment to this manner of study. 
The brains and nervous parts of animals 
are to be had anywhere in abundance and 
in great variety. It is by no means expect- 
ed that the reader or student will be able 
to verify the whole course of illustration in 
this volume, nor is it at all necessary. But 
it is necessary that he should become ac- 
quainted with the rudiments of the exposi- 
tion by direct observation, so that he will 
have clear and precise ideas in relation to 
its subject matter, such as will conduce to 
a genuine understanding of the general sub- 
ject. We commend this work especially to 
teachers, and venture to affirm that if they 
will form classes in it, not with a view to 
the slavish acquisition of its contents, but 
to master portions of it so that the rest 
may be read intelligently, it will prove in- 
valuable both as a means and an end of 
education. 

Dr. Bastian’s book was written as a con- 
tribution to the “International Scientific 
Series”; but, as the author found it impos- 
sible to do justice to the subject within 





the limits prescribed for those works, his 
volume has been separately issued in this 
covntry. 


DecEeneraTIon: A CHAPTER IN DarwINIsé. 
By Professor E. Ray Lanxester, F. R. 8. 
London: Macmillan & Co, 1880, Pp. 
45. Price, 75 cents. 

Natural selection may have operated to 
produce present organic forms in three dif- 
ferent ways. Organisms may have been 
elaborated in structure with a growth in 
variety and complexity of the conditions to 
which they were subjected; they may have 
remained for a long period without any 
change, when the conditions have been im- 
mobile; or, the conditions having become 
simpler, they may have lost in structure. 
In accounting for present forms, naturalists 
have given little heed to the last of these 
processes, but have endeavored to explain 
nearly all cases (except those of the para- 
sites, which are generally recognized as de- 
generate forms) on the basis of the first two 
processes. In the discourse before the Brit- 
ish Association, which forms this volume, 
Professor Lankester takes issue with this 
view, and argues in support of the thesis 
that degeneration is an important process 
in organic evolution. He contends that 
many problems are helped to a solution by 
this hypothesis, which without it are hope- 
lessly obscure, and that the evidence in its 
favor is of a high order. His argument is 
based upon the evidence furnished by the 
changes through which the egg passes in 
its development into the young creature. 
As is well known, the forms through which 
it passes are those that belonged to its an- 
cestors, and these are reached in the order, 
there is good reason to believe, in which 
they were acquired by these ancestors. 
This “ recapitulative development ” is often 
very imperfect, many characteristics are ob- 
scured or obliterated, but none appear that 
did not at some time belong to the creature’s 
progenitors, Where these changes are dis- 
tinct, then, the pedigree of an organism can 
be traced by them with certainty. A num- 
ber of cases of degeneration are cited by 
Professor Lankester, the two most impor- 
tant being the ship’s barnacle and the as- 
cidian phallusia, In the case of the bar- 
nacle, the egg gives rise to an actively swim- 
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ming nauplius, which after a time fastens 
its head to a piece of wood and adopts an 
immobile life. It then loses its organs of 
touch and sight and power of locomotion, 
its legs being used simply to bring any float- 
ing particles of food to its mouth. A more 
remarkable case of loss of structure is that 
of the ascidian phallusia, one of a class of 
sea-animals found incrusting rocks, etc., on 


the sea-bottom, the individuals being often | 
joined together, forming a plant-like mass. | 


The individual is a tough, leathery mass, 
shaped somewhat like a bottle, with an open- 
ing at each end, through which water con- 
tinually passes, and possessed of little inter- 
nal structure. Most of the young of ascid- 


ians differ widely from their parents, that of | 
the phallusia the most markedly. The egg | 
of this gives rise to a tadpole which bears a | 


close resemblance in outward form and in- 
ternal structure to the tadpole of the com- 
mon frog, both possessing the four distine- 
tive structures of the vertebrata. But, while 
the tadpole of the frog ascends in the scale 
of organization, that of the ascidian descends 
to a form in which its origin is unrecogniz- 
able. Without the recapitulative develop- 
ment in this case of the ascidian, Professor 
Lankester avers that no naturalist would 
have suspected that it belonged to the ver- 
tebrata, and, as this recapitulation is so fre- 
quently wanting, and when it exists is often 
shorn of its “ most important part,” it is not 
safe to set limits to the possible occurrence 
of degeneration. Many forms now supposed 
to be improvements upon their ancestors 
may, upon further investigation, be shown 
to be degenerate. The conditions that he 
thinks predispose to degeneration are para- 
sitism, fixity or immobility, vegetative nutri- 
tion, and excessive reduction of size; and 
when, therefore, organisms are characterized 
by these habits or peculiarities, degeneration 
may be suspected. 
kester’s discussion is confined to zodlogy, he 
recognizes the bearing of the hypothesis 
upon evolution in general—upon man and 
the arts perfected by him. The general 
conclusion he reaches is, that while the for- 
mer universal belief that man and other crea- 
tures had degenerated from a previous per- 
fect condition is untrue, the contrary opinion, 
that development has been a continuous 
progress from lower forms, is also untrue. 
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The truth lies between the two; there have 
been both progress and retrogression, and 
both movements will probably take place in 


the future as in the past. The constant 
cultivation of those things that make for 
progress will alone secure any race from 
the possibility of degeneration. Full illus- 
trations accompany the text to afford a ready 
comparison of the forms pointed out. Notes 
on the relation of the doctrine of develop- 
ment to the theological doctrine of a soul, 
_and on some further cases of degeneration, 


are appended to the text. 
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| Tae OBELISK AND FREEMASONRY, ACCORDING 
TO THE Discoveries OF BELZONI AND 
ComMANDER GorRINGE. By Joun A. 
Werssz, M.D. With Illustrations and 
with the Hieroglyphics of the American 
and English Obelisks, and Translations 
into English, by Dr. 8. Birch. New 
York: J. W. Bouton, 706 Broadway. 
1880, Pp. 178. Price, $2.00. 

THe newspapers last spring reported 
| that stones bearing masonic emblems had 
| been discovered in the foundations of the 
| Egyptian obelisk that has since been brought 
| to this city, A description of the emblems 
| by Grand-Master Zola, of the Grand Lodge 
| of Egypt, and a letter from Consul Farman, 
| at Alexandria, confirming the fact that dis- 
| coveries had been made, were also published. 
| Dr. Weisse, who fully believes in the an- 
| tiquity of masonry, was presented by Mrs. 
Belzoni, widow of the celebrated Egyptian 
| traveler, in 1850, with manuscripts, draw- 
ings, etc., assuming to show that an institu- 
| tion similar to freemasonry existed in Egypt 
| before pyramids and obelisks. All of these 
| evidences, with other matter and illustra- 
| tions bearing upon the same point, have 
| been combined in this work, which is curi- 


| ous and interesting if not historical and 
| scientific. 


While Professor Lan- | 


AnnvaL Report upon THE SurRvVEYS OF 
| NorTseRN AND NorRTHWESTERN LaKEs 
AND THE Mississrpr1 River, in CHARGE 
or C. B. Comstock, Masor or Enet- 
NEERS, etc.; being Appendix MM of the 
Annual Report of the Chief of Engineers 
for 1879. Washington: Government 
Printing-Office. Pp. 80. 


Tue report shows progress in the trian- 
gulation of Lake Erie, the triangulation 
connecting Lake Erie with Lake Michigan, 
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the erection of stations for the triangula- 
tion running south from Chicago, and wa- 
ter-level observations on the lakes. Prog- 
ress has also been made on the survey of the 
Mississippi River. The longitudes and lati- 
tudes of Louisiana, Missouri, Rock Island, 
Illinois, and Red Wing, Minnesota, have 
been determined, Several of the coast- 
charts of Lakes Ontario and Erie, and 
charts of the Mississippi south of Memphis, 
have been completed. Among the impor- 
tant facts noticed is the observation of 
sand-waves in the Mississippi at Helena, 
which in water from thirteen to thirty feet 
deep are moving down the river at an aver- 
age rate of eighteen feetaday. They had 
an average length, counting from crest to 
crest, of about three hundred and thirty 
feet, an extreme length of about five hun- 
dred feet, and an average height of about 
five feet and an extreme height of eight feet 
from valley to crest. The existence of sand- 
waves of so large dimensions, and moving 
with such a velocity, does not seem to have 
beez. observed before on the lower Missis- 
sippi. 

Tue Microscorist’s ANNUAL FOR 1879, No. 
1. New York: The Industrial Publica- 
tion Company. 1880. Pp. 48. Price, 
25 cents. 

Tue object of this publication is to keep 
microscopists informed of what is going on 
that is of particular interest to them. It 
contains a list of microscopical societies in 
the United States and of a few foreign so- 
cieties, and the names, alphabetically ar- 
ranged, of manufacturers and dealers in 
microscopes, objects, apparatus, etc., in the 
United States and Europe, with other prac- 
tical information. 


Tue Norta AMERICAN Entomoocist. July, 
1879, to April, 1880. A. R. Grore, Edi- 
tor. Buffalo, N. Y.: Reinecke, Zesch & 
Baltz. Monthly. Pp. 8. Price, $2.00 
a year. 

Tais magazine was begun with the pur- 
pose of presenting original articles of value 
both to the specialist and the agriculturist 
on the subject of North American insects 
and notices of current entomological litera- 
ture. The articles in the ten numbers be- 
fore us show the results of careful research, 
present new facts, and are many of them 
well illustrated. 
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Heveenori: THe Rvsper OF THE Fourure. 
By Henry A. Morr, Jr., Ph. D., ete. New 
York: Trow’s Printing Company. Pp. 
13. , 

HEVEENOID is India-rubber combined with 
camphor and vulcanized by sulphur. It was 
invented by Henry Gerner, and is offered 
as a new product to supplant the common 
soft and hard vulcanized India-rubber, over 
which it is claimed to possess many points 
of superiority. These points are set forth, 
and the process of manufacture is described, 
in the pamphlet. 


THE ORIENTAL AND BrexicaL JourNaL. Ed- 
ited by Rev. Sternen D. Peer. Chica- 
go: Jameson & Morse. 1880. Pp. 52. 
Quarterly. Price, $2.50 a year. 

Tue object of this magazine is to give 
the results of the latest researches in all the 
Oriental lands and in the countries of clas- 
sical history. It is intended also to embrace 
many subjects of a more general character, 
such as the manners and customs of all na- 
tions, their traditions, mythologies, religious 
notions, language, and literature. In the 
present number, Professor T. 0. Paine de- 
scribes two Osirids of ancient Egypt owned 
by persons in the United States; and, in an 
article on “The Antiquity of Sacred Writ- 
ings in the Valley of the Euphrates,” Mr. 
O. D. Miller seeks to prove that the mate- 
' rials of the Book of Genesis were derived 
through Abraham from the same originals 


{ whence the oldest Chaldean writings came. 





Tue THovsanp Istanps or THE River 8r. 
LawkREnceE ; with Descriptions of their 
Scenery, as given by Travelers from Dif- 
ferent Countries, at Various Periods, and 
Historical Notices of Events with which 
they are associated. Edited by Frank- 
Lyn B. Hoven. Syracuse, N. Y.: Davis, 


Bardeen & Co. 1879. Pp. 307. Price, 
$1.25. 

Tue title gives as clear an idea of the 
character of this book as can be gained from 
a fuller description. The historical sketch 
is ample and satisfactory. The travelers’ 
descriptions date from Charlevoix, in 1721, 
are favorable and unfavorable, and are 
quoted from a host of authors of various 
nationalities. They are followed by a chap- 
ter on the poetical associations, and by 
notices of the camp-meeting parks, geology, 
names, and other features of the islands. 











LITERARY NOTICES. 


DIAGRAM OF THE PROGRESS OF THE ANTHRA- 
- cre CoaL-TRADE oF PENNSYLVANIA, WITH 
SratisticaL TaBEs, etc. By the Messrs. 
Suearer, Engineers of Mines, Pottsville, 
Pa. Chart. 
Tuts diagram is designed to accompany 
a paper which was read before the Ameri- 
can Association for the Advancement of 
Science, at its meeting for 1879. It shows 
the gradual development of the trade, and 
the dates of the opening of new avenues to 
the market. An accompanying diagram 
shows the estimated quantity of anthracite 
coal in the three several coal-fields of Penn- 
sylvania, and the relative amount of waste 
and quantity mined. Another cut repre- 
sents a cross-section in the southern anthra- 
cite coal-field of Pennsylvania. The tables 
show a variety of facts bearing on the sub- 
ject, in Pennsylvania, the United States, and 
the world. 


American Heattn Primers,—Tae Summer 
anD 1ts Diseases. By James C. Wit- 
son, M. D.—WInTER AND ITs DANGERS. 
By Hamitton Oscoop, M. D.— Tue 
THroat AND THE Voice. By J. Sous 
Couen, M. D.—Brain-workK AND OVER- 
work. By Dr. H.C. Woop. Philadel- 
phia: Presley Blakiston. 1879 and 
1880. Pp. 126 to 160. Price, 50 cents 
each. 


THESE primers are prepared for the pur- 
pose of diffusing as widely and cheaply as 
possible a knowledge of the elementary 
facts of preventive medicine and the bear- 
ings and applications of the latest and best 
researches in medical and hygienic science, 
and of teaching people how to take care of 
themselves, their children, etc. They are 
written from an American point of view, 
with especial reference to our climate, sani- 
tary legislation, and modes of life. The 
whole series is under the general supervision 
of Dr. W. W. Keen. The first volume, whose 
title is given above, considers each of the 
common special diseases of summer, and 
the means of preventing and curing them, 
and has a chapter on the skin in summer 
and its maladies. The second work enforces 
the need of suitable clothing, care in bath- 
ing, ample provision of pure fresh air, and 
out-of-door exercise in winter. In the third 
volume, the structure, care, and several dis- 
eases of the throat are treated of in sepa- 
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rate chapters, and a second part is devoted 
to the voice and its cultivation. In the last 
primer of the list are discussed the sub- 
jects of the “ Causes of Nervous Trouble,” 
“ Work,” “ Rest in Labor,” “ Rest in Recre- 
ation” and “ Rest in Sleep.” 


Mewmorrs or THE Scrence Department, Unt- 
VERSITY OF Tokio, Japan. Vol. II. On 
Mixing anp Mives in Japan. By C. 
Netto, M. E., Professor of Mining and 
Metallurgy, University of Tokio. Pub- 
lished by the University, Tokio. 2539 
(1879). Pp. 56, with Plates. 

Tus work comprises the substance of a 
lecture which was delivered before a German 
society, and has been translated into English 
to make it more accessible to Japanese stu- 
dents. The useful minerals in Japan, ranked 
nearly according to their importance, are 
coal, copper, silver, gold, iron, kaolin, petro- 
leum, sulphur, lead, antimony, tin, cobalt, 
quicksilver, marble, jasper, agate, amber, 
graphite. The processes of mining and re- 
ducing the ores are described, after which 
is given a summary of the Japanese mining 
law, and a review of the measures that have 
been adopted or are contemplated by the 
Government for the encouragement of min- 
ing. Modern methods are shown to have 
been adopted in several of the mines, and 
their introduction has been attended with 
increase of production. The Government at 
present carries on a number of mines, into 
which it has introduced modern model works, 
partly for the sake of setting a good exam- 
ple to private owners. It is its policy, how- 
ever, to surrender its establishments when 
they have become well organized, to be 
worked by private citizens. Six large plates 
give representations of the tools used by the 
Japanese in mining. 


Tue AMERICAN JoURNAL OF PattoLocy. Ed- 
ited by Basit GILpERSLEEVE, Professor 
of Greek in Johns Hopkins University. 
Vol. I, No. 2. May, 1880. Baltimore: 


the Editor. New York and London: 
Macmillan & Co. Pp. 126. Four num- 
bers a year. Subscription price, $3.00. 


Tus journal is open to original contri- 
butions in all departments of philology, gives 
condensed reports of current philological 
work, summaries of the chief articles in the 
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principal philological journals of Europe, 
and keeps watch over the fragmentary and 
occasional literature to which the isolated 
American scholar seldom has full access. 
The present number has an article on “ Re- 
cent Investigations of Grimm’s Law,” by H. 
C. G. Brandt; three articles on Greek and 
Latin subjects, by F. D. Allen, C. D. Mor- 
ris, and M. W. Humphreys; and two on 
French subjects, by B. F. O’Connor and 
Samuel Garner. 


First AnnuaL Report oF THE DEPARTMENT 
or Statistics AND GEOLOGY OF THE STATE 
or InpraNna, 1879, TO THE GoveRNoR. In- 
dianapolis: Douglass & Carlon. Pp. 
515. 

THis report embraces ninety-nine tables 
of agricultural, mercantile, manufacturing, 
financial, and other statistics, by counties 
and townships. The report of the Indiana 
State Health Commission, which is em- 
bodied with the general report, embraces 
papers on “ Health in the Schoolroom,” by 
President Moss, of the State University ; 
“Topography and Climate,” by Professor 
Campbell, of Wabash College; “ Decompos- 
ing Organic Matter, Sewage, and Drainage,” 
by Dr. G. W. Burton; “The Influence of 
Popular Customs, Habits, and Heredity, on 
Public Health and Morals,” by Dr. J. W. 
Hervey; and “The Influence of Geology 
upon Local Diseases,” by E. T, Cox, late 
State Geologist. 


Macmitian & Co. have in press, for pub- 
lication in the early fall, a book which is 
likely to be of value to the medical profes- 
sion, and of advantage to the general public ; 
it is entitled “Food for Invalids,” and is 
written by Dr. J. Milner Fothergill, of Lon- 
don, and Dr. H. C. Wood, of Philadelphia. 


Henry Georae’s “Progress and Pov- 
erty” has been translated into German by 
F. Gutschon, and will be shortly published by 
Stude, of Berlin. 


PUBLICATIONS RECEIVED. 


Report to the Trustees of the ‘‘ James Lick 
Trust ” of Observations made on Mount Hamil- 
ton, with reference to the Location of Lick Ob- 
servatery. By S. W. Burnham. Illustrated. Chi- 
night & Leonard. 1880. Pp. 82. 


Quarterly Report of the Chief of the Bureau 
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of Statistics relative to Imports and Exports, 
Immigration, and Navigation of the United 
States, for the Three Months ending March 31, 
1880. Washington : Government Printing- -Office: 
1880. Pp. 190. 


Adirondack Survey : Report on Iron | Depos- 
its, etc. By es Chahoon. Albany: Weed, 
Parsons & Co. 1 Pp. 16. 

Electricity: Elementary Guide - Book for 


Practical Se ey and Self-Study. By Pro- 
fessor Curt Meyer. With Tiastrations. New 


York. 1880. Pp. 25, 25 cents. 


The Claims of Science, for its own Sake, upon 
the Medical Profession. Address, by Professor 
John W. Mallet, M. D., 
LO ee Baltimore : 


of the "University of 
J. W. Borst & Co. 1880. 


Medical Science in Contes with Materialism. 
By ne Grissom, M. D., LL.D. Wilming- 
ton, N. C.: Jackson & Bell. "4880. Pp. 31. 


Notes on the mowers 8 of pte Sar- 
mentosa. By Professor J. Reprint 
from ** American Naturalist. . Fah Pp. 


Ophthalmic Operations, with Remarks on 
After-Treatment. By A. Sibley Campbell, M. D. 
Augusta, Ga. . 85. 


The Laterite of the Indian Peninsula. By 
W. J. McGee. . from “The Geological 
Magazine.” Pp. 4. 


Annual Report of the Board of Directors of 
the Chicago Astronomical Society, with Report 
of the Director of the Dearborn Observatory. 
7 Chicago: Knight & Leonard. 1880. 

. 16 


Review of Stratigraphical Geology of Eastern 
Ohio. By Professor Edward Orton. Columbus: 
Nevins & Myers. 1880. Pp. 33. 


American Natural Cement. 
ton. Illustrated. Pp. 18. 


Circulars 4" Information of the Bureau of Ed- 
ucation. No. 2. 1880. Washington: Govern- 
ment Printing-Office. 1880. Pp. 111. 


Introduction to the Study of Mortvary Cus- 
toms among the North American Indians. By 
Dr. H. C. Yarrow. Washington : Government 
Printing-Office. 1880. Pp. 114 


What to do First in Accidents or Poisoning. 
a Charles W. Dalles, M.D. Illustrated. Phil- 

elphia; Presley Blakiston. 1880. Pp. 70. 50 
cents. 


The Skin in Health and Disease. By L. Dun- 
can Bulkley, M.D. Philadelphia: Presley Bla- 
kiston. 1880. Pp. 148. 50 cents. 


Manual of Hydraulic Mining for the Use of 
the Practical Miner. By T. F. Van Wagener, 
E. M. New York: D. Van Nostrand. 1880. Pp. 
93. 


The Authorship of the Fourth Gospel: Ex- 
ternal Evidences. By Ezra Abbott, D. D., LL. D. 
Boston : George H. Ellis. 1880. "Pp. 104. 75 
cents. 


Qualitative Chemical Analysis: a Guide in 
the Practical Study of Chemistry and in the 
Work of Analysis. By Silas H. Douglas, M. A. \” 
M. D., and Albert B. Prescoit, M. D., F.C 
With a Study of Oxidation and Reduction - 
Otis Coe Johnson, M.A. New York: D. Van 
Nostrand. 1880. Pp. 305. 


Deep-Sea Sounding and Dredging: a De- 
scription and Discussion of the Methods and 
Appliances used on Board the Coast and Geo- 
detic Survey Steamer “ Blake.” B _Charles D. 
Sigsbee, Lieutenant Commander, U.S. N. I- 
lustrated. . Pp oe LN Printing- 
Office. 1880 


By F. O. Nor- 
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The Cotton-Worm Investigation.—The 
Commission for the investigation of the 
cotton-worm has been organized under Pro- 
fessor C. V. Riley as chief, and its members 
have been stationed at different points in 
the South to make local examinations. Pro- 
fessor J. P. Stillé, of Alabama, and Judge 
J. W. Jones, will represent the Commission 
in Texas; Professor R. W. Jones, Dr. E. H. 
Anderson, and Mr. Lawrence Johnson, in 
Mississippi; Mr. H. G. Hubbard, of De- 
troit, Michigan, in Florida; Professor Bar- 
nard, of Cornell University, will fully study 
those parts of Louisiana and Mississippi 
which were neglected in 1878 and 1879 on 
account of yellow fever ; Judge J. F. Bailey, 
and Mr. James Roane, chemist, will make a 
special series of experiments in Alabama; 
Profesor J. E. Willet will make experi- 
ments in Georgia to test the usefulness of 
fungus-germs in the destruction of the 
worm. Maps are to be prepared by Pro- 
fessor Smith, of the State University of 
Alabama, showing the different cotton re- 


gions classified with reference to the hiber- 


nation of the insect. Professor Riley, be- 
sides having the general superintendence of 
the work, and advising with his assistants, 
will collect information and make other 
preparations for introducing the cultivation 


of the pyrethrum, which he believes will | 


afford a safe antidote for the worm. 


Changes in the Natural Vegetation at 
San Franciseo.—Dr. Herman Behr has pub- 
lished a description of the changes that 
have taken place in the vegetation of the 
San Francisco peninsula within the last 
thirty years. The region was originally 
distinguished by three types of landscape: 
the sand-dunes and hills, covered with 
live-oak, ceanothus, horse-chestnut, and wild 
cherry, ferns, and common herbs; an open 
tract of grassy plains, with trees in the 
ravines, and flowering plants ; and a marshy 
plain, with boggy prairie, covered with a 
varied growth of bushes and herbaceous 
plants. Now, the first-mentioned type of 
vegetation, the chaparral, exists still in a 
few spots ; the second, that of the pasture- 
land, is to be met with still, wherever the 
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distance from the city is considerable enough 
to protect native vegetation ; but the third 
type has entirely disappeared. In the course 
of the extension of the city, Australian 
evergreens and conifers form the Sierra 
have largely replaced the original trees, 
“Parallel with this artificial immigration 
of Australian arborescents, goes on an her- 
baceous immigration from Europe and Af- 
rica.” The thistle (Silybum marianum of 
the Mediterranean region) has invaded both 
California and South Australia, and, wher- 
ever it gets a hold of the soil, all native vege- 
tation disappears. The tree-lupines partic- 
ularly suffer from its encroachment, An- 
other weed, Cotula coronopifolia, a native of 
South Africa, well known in Mediterranean 
Europe, and which has invaded South Aus- 
tralia, does the same work in moist ground 
that is begun by silybum in more arid tracts. 
It “has transformed the varied aquatic veg- 
etation of the different places infested by 
itself into one monotonous green mass with 
yellow buttons.” Dr. Behr regards as sig- 
nificant that these two plants are congeni- 
tal and belong to one of the most modern 
orders, of which fossil specimens are found 
in only the most recent formations, and to 
which he attributes the vigor of youth. 


The Physiological Effects of Tea and 
Coffee.—Professor Albert B. Prescott, M. D., 
of the University of Michigan, has pub- 
lished a paper, in “The Physician and Sur- 
geon,” on the physiological effects of coffee 
as compared with those of tea, concerning 
which the authorities are confusing and 
little is really known, Inasmuch as the , 
chief constituents of both substances are 
capable of determination, we ought to be 
able to declare something, he thinks, as to 
what there is in common between a me- 
dium cup of coffee and an average cup of 
tea. The effects of tea and coffee, he 
continues, must be mainly due to the prop- 
erties and proportions of the alkaloids, 
tannin, volatile oils, and ordinary food-sub- 
stances contained in them. s to the alka- 
loids, no differences have been established 
between theine and caffeine. In average 
quantity, the alkaloid forms about one per 
cent. of the raw coffee-berry, and two or 
three per cent. of tea. A little of it, but very 
little, is lost in roasting coffee. The greater 
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part of it is extracted in the beverage as 
usually prepared, both of tea and coffee. A 
pound of tea usually furnishes from three 
to five times as many pints of beverage as 
are obtained from a pound of coffee, but 
the ways of preparing and the estimates are 
so different that nothing exact can be de- 
termined on this point. As a whole, the 
proportions for given volumes of beverage 
can not be declared habitually much larger 
in the one than in the other ; if there is any 
difference, the coffee-beverage is likely to 
be the stronger. The tannins are tannic 
acid in both substances—boheic and gallic 
acid in tea, and caffeic acid in coffee, all 
astringents. Tea contains, according to the 
analyses relied upon by Dr. Prescott, from 
six to twenty per cent., an average of twelve 
per cent. of tannins ; some other estimates 
make the percentage very much larger. This 
large amount is, however, by no means all 
dissolved in the ordinary preparation of tea 
as a beverage. No tannin was dissolved in 
steeping for five minutes six out of eleven 
specimens of different qualities of tea at the 
Michigan University, and the percentage of 
the other five specimens was not large, the 
average percentage of the whole being only 
0°08. After thirty minutes’ steeping, the 
quantity of tannin dissolved varied from 
1:09 to 4°60 per cent., the average being 
2°49, and was in no case equal to half the 
amount contained in the tea. A larger 
quantity of tannin was extracted in other 
experiments in which the tea had been mac- 
erated at ordinary temperature before boil- 
ing. The tannin in coffee-berry, by all re- 
ports, is not more than one third the quan- 
tity of that in tea-leaves, and may be con- 
siderably less. Six specimens of coffee were 
steeped for five minutes without yielding 
any tannin; two of them showed a trace 
of tannin after ten minutes’ steeping ; after 
twenty minutes’, five of the specimens 
showed from 0°01 to 0°25; after thirty min- 
utes’, the proportion of tannin given up va- 
ried from 0:09 to 1°80, the average being 
0°83. Other analyses show that tea contains 
an average of 0°206 grains, coffee 0°055 
grains, of tannin to the fluid ounce of the 
beverage in use. These results leave no 
doubt that the tea we drink contains at 
least four or five times as much tannin as 
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only a small proportion of its large quantity 
of tannin, after from five to ten minutes of 
steeping. If tea or coffee is to be admin- 
istered, as in any case of poisoning by alka- 
loids, tea, well steeped, is to be chosen as 
the better antidote for the precipitation of 
alkaloids, and equally potent as a stimulant. 
The essential oil of tea is a very small but 
distinct constituent, the most important fac- 
tor in determining its market value. It is 
conjectured to be an organic stimulant, and 
may promote perspiration. Coffee, in the 
unroasted berry, has no volatile oil; but, in 
roasting, an agreeable essential oil is devel- 
oped, the effects of which are not known, 
but which may cause the digestive disturb- 
ance sometimes ascribed to coffee-drink- 
ing. Of nutrient substances, tea contains 
pectin, gum, legumine, and indeterminate 
matters, yielding, ia all, to boiling water 
about thirty-two per cent. of its weight. 
Coffee contains, after roasting, from 8ne to 
two per cent. of glucose, ten to tweive per 
cent. of fat, nearly as much legumine, and a 
little gum, and yields thirty-five per cent. to 
water. “ It is not unlikely,” Dr. Prescott 
concludes, “that these food-substances, as 
modified by roasting, disagree with the di- 
gestion of many persons. This is, let me 
submit, a not improbable explanation of the 
class of injurious effects of coffee-drinking, 
when the substitution of tea-drinking gives 
relief. The powerful nerve-stimulant, caf- 
feine, as we have seen, is obtained in about 
as large doses from tea as from coffee. The 
caffeine of both these beverages undoubt- 
edly produces injury to the nervous system 
in many cases; but, when coffee causes 
palpitation, sleeplessness, etc., not resulting 
from tea, let me suggest that some atten- 
tion be paid to the digestive organs.” 


Water in Disease.—Dr. S. G. Webber, in 
the “ Archives of Medicine” for August, at- 
tributes a considerable value to water as a 
preventive and a remedy of disease, and op- 
poses the abstinence from drinking at meals, 
advocated by many, as injurious. Among 
patients who have come under Dr. Web- 
ber’s care affected with “symptoms of an 
undefined character, a vague unrest and dis- 
quiet showing itself by discomfort or even 
pain, sometimes in one place, sometimes in 


the coffee we drink, and that the tea yields ; another,” with constipation and an unhealthy 
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hue of the skin, he has found that many 
were accustomed to take less than the usual 
average quantity of drink. In such cases 
he would prescribe an increased quantity of 
drink, with beneficial effects in increased 
perspiration, and the decrease or disap- 
pearance of the unpleasant symptoms. The 
waste of tissue-changes in the system passes 
into the blood, and leaves the system only 
in solution. This, Dr. Webber maintains, 
can not take place unless enough water is 
taken. Further, “water taken with the 
food favors digestion ; when taken into the 
stomach a part is absorbed by the gastric 
vessels, carrying with it the soluble constit- 
uents of the food. So much as is not im- 
mediately absorbed assists in softening and 
breaking up the larger particles of food, 
and thus aids in the gastric digestion by 
facilitating the action of the gastric fluids.” 
It also makes it easier to keep the bowels 
regular. In estimating the quantity of 
water to be taken daily, we should remem- 
ber that water is excreted by the lungs 
and skin, as well as by the kidneys, and 
that much food contains water. Hence the 
amount required must vary slightly with the 
activity of the skin and the character of 
the food. Dalton states that the average 
amount is about fifty-two ounces, or 3°38 
pints, or the equivalent of eight or nine 
coffee-cups of drink. 


Temperature of the Breath.—Mr. R. E. 
Dudgeon has been trying some experiments 
on the temperature of the breath, and in- 
fers from the results that it is considerably 
higher than has generally been stated, and 
that it is variable. First, on rising in the 
morning, having ascertained the tempera- 
ture of his body as shown by the thermom- 
eter in the axilla and mouth to be normal— 
about 98}°—he wrapped the thermometer 
tightly in a silk handkerchief and breathed 
upon it. In five minutes it indicated 106°2. 
At 7 p. M., after a brief walking exercise, 
and when he had eaten nothing but a spoon- 
ful of boiled rice, and drunk only half a 
glass of water and a mouthful of ginger- 
beer, his breath raised the mereury to 107°. 
Iramediately after a dinner at which only 
water was drunk, a temperature of 108° 
was shown. At other times the thermome- 
ter would not rise, under apparently the 
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same conditions, higher than 102° to 105°. 
He can suggest no way of accounting for 
these indications otherwise than by admit- 
ting that they show the actual temperature 
of the breath as it issues from the lungs. 
“Tf so,” says Mr. Dudgeon, “it is by the 
breath that the system gets rid of its super- 
fluous caloric.” The experiments seem to 
show that the temperature obtained from 
the breath is higher when the surrounding 
air is warm than when it is cold, indicat- 
ing possibly that more heat is passed off 
by the breath when less can escape from 
the general surface of the body. 


The Ancient Outlet of Lake Bonneville. 
—The name of “ Lake Bonneville” has been 
applied to a great body of water which for- 
merly covered the desert basins of Utah, 
of which the most conspicuous vestiges are 
its shore-lines. It is known from them that 
the ancient water-surface was more than 
ten times as great as that of the Great Salt 
Lake, and that the ancient level of the 
water was about one thousand feet above 
the modern level. The point at which the 
waters of this lake were discharged is still 
undetermined. Mr. G. K. Gilbert main- 
tained, in the “ American Journal of Sci- 
ence” for April, 1878, that the point of 
overflow was Red Rock Pass, Idaho, at the 
north end of Cache Valley; that the dis- 
charging stream descended through Marsh 
Valley, and thence continuously to the Pa- 
cific Ocean; and that, flowing over soft 
material at first, it gradually excavated at 
the pass a channel more than three hundred 
feet deep, and lowered the level of the lake 
by the same amount. Dr. A. C. Peale con- 
troverted Mr. Gilbert’s conclusion in a sub- 
sequent number of the “ Journal,” and held 
that the original altitude of the Red Rock 
Pass was considerably below the highest 
level of Lake Bonneville; that the original 
shore-line exists in Marsh Valley, at the 
north end of the pass, as it does in Cache 
Valley at the south ; and that the real point 
of discharge, when the water stood at the 
Bonneville level, was about forty-five miles 
north of Red Rock Pass. Mr. Gilbert has, 
within a few months, revisited Marsh Valley 
and Red Rock Pass, and other points near 
the former supposed outlet of the lake, and 
gives in the May number of the “ Journal” 
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his reasons, derived from his later observa- 
tions, for adhering to his former conclusion, 
He assumes to determine the character of 
the body of water which has occupied a 
given spot, whether it was a stream or a 
lake, from the nature of the terraces left 
in the valley. Thus there are stream- 
terraces, and wave-terraces, and delta-ter- 
races, and others, all marked by distinct 
features. A lake should leave wave-ter- 
races or delta-terraces. In revisiting Marsh 
Valley, he traversed it from end to end, 
making a careful search for the ter- 
races of the ancient shores, selecting the 
most favorable stations and lights he could 
get. He saw stream-terraces and displace- 
ment-terraces of considerable magnitude, 
and a few inconspicuous terraces due to un- 
equal erosion, but no wave-terrace and no 
delta-terrace. He made a special exami- 
nation of two terraces referred to by Dr. 
Peale in support of his views, but did not 
recognize in them any features inconsistent 
with the opinion that they are stream-ter- 
races. He consents to reconsider his origi- 
nal location of the outlet of the lake at the 
time of the beginning of the overflow, and 
assigns it to a position two miles north of 
Red Rock, instead of at that point, and the 
distance nearer to the place fixed by Dr. 
Peale than the place where he first fixed it. 
Mr. Gilbert Thompson, an expert topogra- 
pher, visited the northern limits of the lake 
in 1877, while ignorant of the results of Mr. 
Gilbert’s examination, and came to the same 
conclusion that he had reached. In a letter 
to Mr. Gilbert, dated April 10, 1878, he 
says: “I was delighted, at Red Rock, to see 
unmistakable evidences of the ancient out- 
let of Great Salt Lake. . . . Thus you may 
have the gratification of knowing of an inde- 
pendent and entirely unbiased verification 
of your determination of this point.” 


A Fresh-water Medusa.—A new medusa, 
which lives in fresh water—the first fresh- 
water medusa known—has been discovered 
in the tank of the water-lily house of the 
Royal Botanical Society in London. It 
flourishes and multiplies rapidly in water 
of a temperature of about 90°, and the spe- 
cimens with which the tank swarms are 
described as being very energetic in their 
movements and apparently in the conditions 
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which contribute most completely to their 
well-being. The new jelly-fish has attracted 
great attention among naturalists, and mi- 
nute descriptions of it are given by Mr. Ro- 
manes and Drs. Allman and E. Ray Lankes- 
ter. Mr. Romanes has found that exposure 
to sea-water kills it, and that it is more in- 
tolerant of sea-water than are the marine 
meduse of fresh water. Dr. Allman has 
named it Limnocodium Victoria and gives 
it a position between the Leptomeduse and 
the Trachomeduse, while he regards its af- 
finity with the Leptomeduse as the closer. 


Origin of Chinese Civilization.—A new 
view of Chinese civilization has been pre- 
sented by M. A. Terrien de la Couperie, who 
asserts that the ordinary opinion, which 
would regard China as a world by itself— 
with a distinct language, and a peculiar way 
of writing which it has invented for itself— 
is incorrect, and is based on insufficient 
study. The error has been committed by 
regarding the Chinese and their language 
as they are, and not studying them histori- 
cally and tracing them as far back as pos- 
sible. This M. Terrien de la Couperie has 
done, according to the testimony of Profes- 
sor Robert K. Douglas, with success. Great 
changes were made in the language in the 
early centuries of the Christian era, and the 
present system dates from no further back 
than the fourth century. The more an- 
cient language may be studied from a num- 
ber of sources, of which M. Terrien specifies 
eleven classes. One of the most important 
documents is the Yh King, which is supposed 
to embody some of the most ancient writings 
in the language. “Some of the texts are at- 
tributed to the times of the legendary Fuh- 
he, B. c. 2852, and became the subject of 
commentaries as early as B. c. 1150. M. 
Terrien is the first person in modern times 
who has succeeded in explaining any of 
it. The archaic Chinese characters were de- 
rived from hieroglyphics, and the hieroglyph- 
ics were accompanied by a certain number 
of phonetic signs. A study of the most 
ancient forms and a comparison with the 
other sources of information have led M. 
Terrien to recognize in the Chinese spoken 
language an ancient member of the Ural- 
Altaic family of agglutinant languages, in 
which it constitutes a new, a third division 
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of the anutiien group, a group which also 
includes the Akkadian and its dialect, the 
Susian and Kossian languages. The vocab- 
ulary of the ancient language, as may be 
shown by citations of hundreds of words, 
connects it with the Akkadian and Susian 
dialects ; but it has certain “ very marked 
grammatical affinities” with the Ugro-Fin- 
nish tongues. The resemblances of the an- 
cient Chaldean and Chinese hicroglyphics are 
very strong ; and one point to be noticed is 
that, in both systems, the images are drawn 
full-face instead of in profile, as in Egyptian 
hieroglyphics. Further evidence of the con- 
nection thus suggested is given in the facts 
that certain parts of the Yh King are only 
lists of meanings that pointedly recall the 
Akkadian cuneiform syllabaries ; that Ho- 
ang-ti, the first of the five Chinese emperors 
who reigned at the dawn of history, was in 
the ancient language Nak-kon-ti, suggesting 
a correspondence with the Susian god Nak- 
hunta and King Kudur Nakhuta; and in 
numerous cases of at least apparent corre- 
spondence in the most ancient titles, cus- 
toms, and allusions of the Chinese and the 
Susians. Resemblances have also been point- 
ed out between many Western features and 
those of the Chinese. A part of these, M. 
Terrien admits, is owing to the progress of 
the Chinese, to communication, and later 
changes; but another part, he maintains, 
‘‘ perhaps the earliest and most important, 
traces its origin to the first establishment 
in ancient China of a part of that Akkado- 
Chaldean culture, to which our modern civ- 
ilizations are indirectly so referable.” 


Curious Discovery of a Murder.—A 
story of a remarkable discovery of a murder 
comes from Bermuda. A handsome and de- 
cent mulatto woman suddenly disappeared 
in October, 1878, and her husband was sus- 
pected of having murdered her, but no trace 
of her could be found, and it seemed prob- 
able that the crime would not be detected. 
A week afterward, while anxiety on the sub- 
ject was still at its height, some boatmen, 
looking out toward the sea, were struck by 
observing in the Long Bay Channel, the 
surface of which was ruffled by a slight 
breeze, a long streak of calm, such as a 
cask of oil usually diffuses around it when 
in the water. A connection with the disap- 
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pearance of the woman was at once suggest- 
ed; a search was shortly afterward made 
at the place for the body; the skeleton was 
found held down by weights, and the frag- 
ments of flesh remaining upon it were in 
such a condition as to show that it had not 
lain long in the water. Identification was 
established by means of portions of clothing. 
The man, who was a fisherman, had calcu- 
lated that the fish, which were numerous in 
the channel, would soon destroy all means 
of identification of the body, but it never 
occurred to him that their ravages as they 
did so would set free the matter which was 
to write the traces of his crime upon the sur- 
face water. The peculiar feature of the calm 
seems to be a novel one, not mentioned in 
works on medical jurisprudence and outside 
the experience of doctors. 


The Climate and Meteorology of Zanzi- 
bar.—Considerable interest is attached to 
the climate and meteorology of Zanzibar, 
since that island is the starting-point of 
most of the expeditions which proceed into 
the interior of East Africa. Observations 
taken by Dr. John Robb, of the Indian 
army, during the five years from 1874 to 
1878, show that the average rainfall, which 
they give at not more than sixty-one inches, 
or double that of England, has very mate- 
rially decreased since the time when Dr. 
Christie and Captain Burton made their 
observations ; and it is suggested that the 
decrease may be due to the destruction of the 
trees over the whole island by a cyclone 
which swept it in 1872. The average 
number of rainy days is one hundred 
and twenty in the year. The double sea- 
sons, which are of unequal duration, are 
marked out by the prevailing winds, and 
are less exactly determined by the so-called 
greater and lesser rains. The rainy seasons 
begin when the sun crosses the zenith 
of Zanzibar in passing to its northern 
and southern declinations, March 4th and 
October 9th. The greater rains fall in March, 
April, and May, the lesser rains from the 
middle of October to the end of the year. 
The driest month is September. The mean 
temperature of the five years was 80°6°, the 
hottest months being February and March, 
with a mean temperature of 83°1° and 80°4° 
respectively, the cooler are July and August, 
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with mean temperatures of 77°5° and 77°7°. 
These figures give a variation of less than 
6° in a year, and to this limited range is 
ascribed the debilitating nature of the cli- 
mate. The mean pressure of the barometer 
for four years differed but a thousandth of an 
inch from that indicated at the equator. The 
coast of the mainland of Africa, Dr. Robb 
says, is undoubtedly prejudicial to health, 
and both Europeans and natives of India 
who pass any considerable time there suffer 
severely from fever of a bad remittent 
type, and from dysentery. All seasons are 
bad, but some are better than others, and 
travelers going into the interior are usually | 
advised to leave the coast-region before the 
heavy rains begin to fall. The seeds of dis- 





ease are often sown by even a short resi- 
dence on the coast, and the traveler dies 
before he has advanced many marches into 
the interior. Travelers, therefore, should 


always make a careful and quick march | 
across the unhealthy belt of country along | 
the coast, and pitch their camps in the | 
higher and drier districts beyond; and, if | 
they have to linger on the coast, they should | 
take care to pass their nights in the safest | 


places they can find. 


Application of Cold in Industrial Chem- 
istry.—Heat, of temperatures above the 
freezing-point of water, has long been 
known and used as one of the most power- 
ful agents for producing the chemical oper- | 
ations desired by manufacturers. Heat of | 
temperatures below the freezing-point, or | 
cold, as it is commonly called, has been less | 
generally employed, and enjoys less recog- 
nition as a force capable of practical appli- 
cation for production. It has been lately 
made to aid in the manufacture of Glau- 
ber’s salt at some French works with such 
success as to suggest that its more general 
application is possible in other directions. 
Alum and copperas were formerly made 
from the pyretic shales of Rheims and 
Picardy, but the product from these sources 
has been driven from the market by the 
competition of other alums. A new pro- 
cess has been devised by M. Georges Four- 
nier, of Paris, under which the lye from the 
oxidized shales, containing all of the alu- 
minum sulphate and a portion of iron sul- 





phate after a considerable part of the cop- 
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peras has been deposited, is mixed with 
common salt in such proportion that there 
shall be sodium enough to combine with all 
the sulphuric acid, and chlorine enough to 
take up all the aluminum and iron. The 
mixed solution is then exposed to a temper- 
ature of from 3° to 5° below the freezing- 
point, at which the sulphate of soda is 
almost insoluble. That substance is depos- 
ited in the ordinary form of Glauber’s salts 
as a fine crystalline sediment, while the 
aluminum and iron remain in solution as 
chlorides. The “mother-liquor,” or lye, is 
then run off, and the deposit is washed in 
brine cooled down to the freezing-point. 
After it is dried, it is fit for any purpose 
to which Glauber’s salt is applicable. The 
mother-liquid which has been run off may 


| be made into a chloride of aluminum, which 


is valuable for disinfecting purposes. A 
pure chloride of aluminum, suitable for use 
in dyeing, and for the destruction of the 
vegetable matter which is mingled with 
wool, may be prepared from cake-alum bya 
similar cold process. The results of the 
operation are, as before, a deposit of Glau- 
ber’s salt and a solution of chloride of 
aluminum, but the latter substance is free 
from the admixture of iron. Another 
French inventor, by exposing the lyes of 
the “sal mixte” of the salt-works of the 
Mediterranean coast, consisting of common 
salt and sulphate of magnesia, to a temper- 
ature of about 11° below the freezing-point, 
obtains Glauber’s salt in deposit with a solu- 
tion of the chloride of magnesium, a sub- 
stance largely used for weighting textile fab- 
rics, 


Fertility of Hybrids\—Mr. Darwin, in 
his “Origin of Species,” has mentioned a 
case on the authority of Mr. Eyton, in which 
hybrids from the common goose and the 
Chinese goose were as fertile as among them- 
selves, He has now reported in “Nature” 
concerning his success in raising birds from 
the eggs of a brother and sister from the same 
hatch of hybrids of these two species. Two 
trials were made: three birds were hatched 
from the first set of eggs, two others were 
fully formed but did not succeed in break- 
ing through the shell, and the remaining 
eggs were unfertilized. From the second 
lot of eggs two birds were hatched. The 
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hybrids, grandchildren of the pure parents, 
were extremely fine birds, and resembled 
their hybrid parents in every detail. Mr. 
Darwin’s success was not equal to that of 
Mr. Eyton, who reared eight hybrids from 
one set of eggs; and he attributes the dif- 
ference in part to the close confinement in 
which the hybrid parents were kept and 
their close relationship. Another illustra- 
tion of the possible fertility of hybrids to 
which attention has been directed, is given 
in Mr. J. A. Allen’s “ History of the Amer- 
ican Bison,” where it is said that that ani- 
mal interbreeds freely with the domestic 
cow, and that the half-breeds are fertile. 


The Highest Mountains of the Earth.— 


Hermann von Sclagintweit Sakiinlinski, in | 


the last volume of his journeys in India and 


high Asia, gives a table of altitudes, includ- | 
ing statements of the heights of the most | 


elevated mountains. The elevations are not 


extraordinary south of the Himalayas, the | 


most marked ones being four mountains 
from 11,000 to 15,300 feet high in Assam, 
and the Sufed Koh peak in the Punjaub, 
19,839 feet high. The eastern Himalayan 
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kistan is the summit of the Kwen-lun, 20,000 
feet high. The great passes of the world are 
in this territory. They include the Kizilko- 
rum pass inYarkand, at an elevation of 17,762 
feet, the Kilian pass in Khotan, 17,200 feet, 
and the Elchi-Davan pass in the Kwen-lun 
Mountains. The snow-line appears at a height 
of 15,100 feet on the north side of the Kwen- 
lun, of 15,800 feet on the south side, of 
18,665 feet on the western slopes of the 
Guari Khorsum, and 18,010 on the northern 
slopes; and phanerogamous plants reach 
up to 19,237 feet on the western side. The 
highest places inhabited by man are in 
Thibet at a height of between 14,800 and 
15,000 feet, but above these are the Hanli 





Cloister, 15,117 feet, and the Thok Jalang 
| gold-field, 16,330 feet. In all, these moun- 
tain regions contain seventy-three peaks 
more than 20,000 feet high, of which seven- 
teen rise above 25,000 feet. Dhawalagiri, 
| in Nepaul, 26,680 feet high, which was 
formerly considered the highest mountain 
on the earth, is remanded to the fifth place, 
| being exceeded, besides the three already 
| named as the three highest, by the Sisbut 
| peak, in Nepaul, 27,799 feet. 


district, embracing Bhootan, Sikkim, and Ne- | 


paul, contains the highest mountain known 
on the earth, which is called Mount Ever- 
est by the British, Gaurisankar by the people 
there, and is 29,002 feet high; and the 
third highest, Kintchinjunga, 28,156 feet 
high, and has besides thirty-two mountains 
of more than 20,000 feet, and thirty-two of 
more than 19,000 feet. The western Hima- 
laya region, extending from Kumaon to Ha- 
zasa, exhibits the Nanda Devi in Kumaon, 
25,749 feet, as its highest peak, and has be- 
sides twenty-nine mountains of more than 
20,000 and 108 of more than 10,000 feet in 
height. In eastern Thibet are ten Alpine 
stations between Lassa and Guari Khorsum, 
more than 10,000 feet high, two of them 
reaching to 15,500 and 16,700 feet, and Las- 
sa, the capital, is 11,700 feet high. Western 
Thibet, from Guari Khorsum to Balti, ranks 
next after the eastern Himalayan region 
in its elevations, having within its boun- 
daries the second highest mountain known 
on the earth, the Dapsaug, 28,278 feet high, 
with twelve mountains of more than 20,000 
and seventy-three of more than 10,000 feet 
in height. The highest point in eastern Tur- 


Batter-making in Denmark and Sweden. 
| —Some of the best butter in Europe is made 
| in Denmark and Sweden, and commands a 
| price in the London market 23 per cent. 
| higher than the best Cork butter. Canon 
Bagot, who has taken pains to investigate 
| this subject, ascribes this superiority to the 
| education of the dairy-maids, which has been 

systematically pursued in Denmark since 

1864 and 1865. In Sweden the dairy-maids 
| are sent to a college and educated in dairy 

management for six months, at the end of 
which time they receive certificates and are 
considered competent to work in large dai- 
ries. Their instructions are very definite as 
to every feature of the operation of but- 
ter-making, including the quality of the salt 
and the coloring matter, and the food of the 
cattle; the quality of the butter is conse- 
quently uniform. A part of a lot of Cork 
butter may sometimes be sent back by the 
wholesale dealer because it is not equal to 
the rest, but this is said never to happen 
with Danish butter. The selection of the 
cows and the feeding of them are the first 





important points in the business. The Dan- 
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ish dairymen keep their cows tethered dur- 
ing the summer in “ splendid clover and rye 
grass,” and feed them in winter exclusively 
with clover hay, linseed-cake, and rape-cake. 
The milk is set in such a way that the cream 
shall be got off while it is still perfectly 
sweet, for they will not churn it if it is in 
any other condition. The proper tempera- 
ture for churning, which is from 57° to 60°, 
is essential, and the churning should not be 
continued too long. The best butter-makers 
stop churning at the very moment the but- 
ter appears in the form of grains like shot. 
They pass off the buttermilk through a 
strainer, then put the butter back with wa- 
ter, give it a few more turns in the churn, 
strain again, and repeat the operation till 
-the water runs off as clear and bright as 
when it is put in. Salt is added by weight, 
at the rate of six pounds of salt to a hun- 
dred-weight of butter, by being sprinkled 
over the butter after it has been spread out 
in layers; a few turns are given the mass 
with the butter-worker, and the process is 
complete. 


Diffusion of Bacteria.—M. Miguel has 
learned from his investigations of bacteria 
and germs in the atmosphere that the number 
of bacteria, which is small in the winter, in- 
creases through the spring, and becomes 
large in the summer and fall, then dimin- 
ishes again during the months of frost. The 
same is the case with the spores of fungi; but 
while the molds are abundant during moist 
periods, the number of aérial bacteria then 
becomes very small, and does not increase 
again till the soil has been dried, precisely 
when the fungoid spores are rare; so that 
the maxima of mold-microbes and the mini- 
ma of bacteria-microbes correspond with 
each other, and vice versa. While in the 
summer and fall a thousand germs of bac- 
teria may often be found in a cubic metre 
of air, in winter the number falls to four or 
five, and on some days the dust from two 
hundred litres of air is incapable of causing 
the infection of the most alterable liquors. 
Usually, in M. Miguel’s laboratory, the dust 
of five litres is enough to cause infection, 
and in the sewers of Paris the particles in 
one litre will do it. A comparison of the 
number of deaths in Paris from infectious 
diseases with the number of bacteria pres- 
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ent in the atmosphere showed that every 
increase of bacteria in the air was followed 
in about eight days by an increase of the 
deaths in question. M. Miguel further rep- 
resents that he has found that the water- 
vapor which rises from the ground, from 
rivers, and from masses in full putrefaction, 
is always micrographically pure, that gases 
from buried matter in the course of decom- 
position are always exempt from bacteria, 
and that even impure air sent through pu- 
trefied meat is purified under certain condi- 
tions, 


The Thread-Worm of the Dog.—The 
cruel thread-worm (Filaria immitis) of the 
dog was described thirty years ago in the 
“Proceedings” of the Academy of Natural 
Sciences of Philadelphia, and has since 
been repeatedly noticed as infecting dogs 
in Europe, India, China, Japan, and this 
country. The heart of a dog, with the 
ventricles stuffed with the worms, is pre- 
served in the Museum of the University of 
Pennsylvania. A specimen of the heart and 
part of one lung of a dog containing the 
worms has recently been sent to the Acad- 
emy of Natural Sciences, by Mrs. Laura M, 
Towne, of Beaufort, South Carolina, who has 
also furnished a description of the symp- 
toms shown by dogs afflicted with the para- 
site. She had lost several dogs, and a gen- 
tleman living on a neighboring island had 
lost more than thirty hunting-dogs in two 
or three years with the same symptoms, 
The most characteristic symptom appears 
to be a peculiar cough, which is excited by 
any movement, especially after sleeping, 
ending in a violent effort to bring some- 
thing from the throat, but nothing is thrown 
up. When they began to run violently, the 
afflicted dogs would fall down and become 
stiff and insensible, but would in a short 
time get up and renew the chase. A large 
Newfoundland dog grew ill, exhibiting the 
drowsiness, lassitude, and inclination to turn 
round and round when he attempted to go 
anywhere, which marks the conduct of sick 
dogs, and finally became subject to spasms. 
He was examined after death, when one 
filaria was found lying at full length in the 
windpipe, and others were found stretched 
at length and crowded closely in the large ar- 
tery. Upon cutting into the heart, the worms 
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burst forth in bunches, slowly uncoiling 
themselves. They were white, stiff, and 
wire-like, and not at all stained with blood. 
The large blood-vessels of the lungs were 
filled densely, and large jfilarie were with- 
drawn with some difficulty even from the 
small ones. The worms lived in water 
about twenty-four hours. 


Production of Artificial Diamonds.— 
Mr. Hannay lately gave an account to the 
Royal Society of his experiments in pro- 
ducing artificial diamonds. As far back as 
the fall of 1879, he was searching for a 
solvent of the alkali metals, and tried many 
experiments with different liquids and gases, 
with the invariable result that, when the sol- 
vent reached the permanently gaseous state, 
chemical action ensued. A number of ex- 
periments were made with sodium, potas- 
sium, and lithium, and the hydrocarbons, but 
the metals almost invariably combined with 
the hydrogen, setting the carbon free. A 
series of experiments made with sodium and 
paraffine-spirit gave a deposit of very hard 
scales of carbon. This was the reaction upon 
which the experiments for obtaining crys- 
talline carbon were built. From his experi- 
ments in solution, Mr. Hannay concluded 
that the solvent power of water was deter- 
mined by two conditions ; first, temperature, 
or molecular vis viva ; and, second, closeness 
of the molecules on pressure, which seems to 
give penetrative power. It should follow, 
then, that, if one body has a solvent action 
upon another without acting upon it chem- 
ically, such solvent action may be indefinitely 
increased by increasing the temperature and 
pressure of the solvent. Out of more than 
eighty experiments which Mr. Hannay made 
for producing crystallized carbon, only 
three were attended by results of a satisfac- 
tory nature. The first experiments were 
made with sodium and paraffine-spirit, in 
tubes of hydraulic iron, twenty inches long, 
an inch thick, and of a half-inch bore, 
three parts filled. The tubes, fitted with 
screwed plugs, nearly all leaked, and had to 
be welded up. Then one exploded before it 
became visibly red, another showed a de- 
posit of scaly carbon, and a third gave out 
a strong jet of gas when opened, while the 
iron appeared to have been converted to 
steel. Concluding that diamonds were not 
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likely to be obtained by that means, Mr. 
Hannay returned to the idea of dissolving 
carbon in a gaseous menstruum. A distilla- 
tion from bone-oil containing nitrogenous 
bases seemed to him the most likely sub- 
stance to yield the solvent. It was placed 
in a stfong tube with charcoal, and heated 
for fourteen hours. The gas rushed out 
with force on opening the tube, and a few 
bright particles of carbon appeared, differ- 
ing but little, however, from particles of 
wood-charcdal. Another experiment was 
made with lithium and a mixture of highly 
rectified bone-oil and paraffine-spirit, placed 
in a tube twenty inches by four inches, with 
a bore of half an inch. This was heated 
for fourteen hours, then cooled slowly. On 
opening it, after the outrush of gas a little 
liquid was found, and at the upper end of 
the tube as it lay in the furnace, a hard, 
smooth mass, which was removed with a 
chisel. Some hard particles were found in 
pulverizing this mass, which, on examina- 
tion, proved to be transparent crystals of 
carbon, or diamonds. New experiments 
were made with other alkali metals, paraf- 
fine-spirit, and bone-oil, but they yielded 
nothing except the scaly carbon. Even the 
lithium did not act in the same manner as 
before. This metal having, however, given 
the best results, Mr. Hannay determined to 
use it in his further experiments, but was 
troubled by frequent disasters and explo- 
sions, although he again got, in one of the 
trials, a small quantity of carbon crystals. 
A curious fact that has been brought out by 
the examination of the crystallized carbon 
that was obtained is that nitrogen was pres- 
ent in chemical combination with the car- 
bon. Mr. Hannay is inclined, therefore, to 
believe that his diamonds were formed by 
the decomposition of a nitrogenous body, 
and not by the decomposition of the hydro- 
carbon. The diamonds, moreover, were not 
found when nitrogen was absent; but the 
successful experiments are still too few, and 
the evidence too vague, to justify drawing 
any conclusions on this subject. 


The Nile and its Ancient Channels.— 
M. Delamotte, who has made himself well 
acquainted with the geology and geography 
of Egypt, has published the opinion that, 
besides the Nile, that country was watered 
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in prehistoric times by rivers that ran 
through the present dry sand-channels which 
the Arabs call Bahr-et-Abied, or rivers 
without water. The fact that river-shells 
were discovered in these beds during the 
French expedition to Egypt lends some sup- 
port to this view. M. Delamotte has de- 
voted some twenty years to the examination 
of the subject, and, while he does not un- 
dertake to determine when the rivers were 
dried up, he has reached a conclusion as to 
the manner in which it was done. He be- 
lieves that the whole plateau of Khartoum 
was in prehistoric times a grand lake whence 
the Nile issued as it now issues from the 
Victoria and Albert Nyanzas. The cata- 
racts were, however, higher than they are 
now, and the river, instead of precipitating 
the whole mass of its waters over the rocks, 
was divided into streams which found their 
way through the channels marked by the 


present Bahr-et-Abiad, and carried the wa- | 


ter into the parts of the country which are 
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intrusion of hunters, and, in course of time, 
spread to the adjoining plantations, and 
many of them took to the immense swamps 
bordering on the Big Peedee River. They 
also began to sport and change their color, 
and, from being pure white, became marked 
with every possible variation of black and 
white. The correspondent who relates these 
facts has killed, at various times, at least a 
dozen thus marked. One of them was of a 
deep, sparkling black color, except as to the 
| ears and the large, bushy tail, which were 

snow-white, save a small commingling of the 
| black and white at the root of the tail, and 
| the lower part of the belly and the inner 
| edge of the flanks, which were of a clear 
| ash-gray. The varieties seem to have almost 
| disappeared since the war. In the last indi- 
vidual that the correspondent has noticed, 
the markings were less pretty and the colors 
less distinct ; the white was turning to ash 
and the black to brown, the consequence, he 
supposes, of wild breeding. 





now desert. The granite and porphyry of 


the cataract were gradually worn away in 


the course of ages, their level was low- 
ered, and the Nile, instead of being forced 
into branch-channels, fell over them and 
concentrated its waters into its present 
single stream. M. Delamotte is examining 
the region of the Upper Nile again, for the 
purpose of verifying his theory, and of de- 
termining if it is possible, by constructing 
a system of dams and sluices, to raise the 


level of the cataracts, and cause the waters | 


to flow again through the channels they 
have deserted. 


Sports in the Colors of Squirrels.—A 
correspondent of “Forest and Stream” 
relates an interesting instance of the de- 
velopment of varieties of colors in squir- 
rels, which took place in South Carolina 
several yearsago. A Mr. K——, who owned 
a considerable plantation in the county of 
Marlborough, had presented to him a pair of 
milk-white squirrels. His woods were much 
frequented by gray squirrels, and fox and 
black squirrels were numerous in the pines 
and cypress-swamps at some distance from 
the plantation. The white squirrels bred, 
producing two young ones, also milk white. 
The animals were very prolific, under the 
protection of the owner, who prohibited the 


A New African Tribe.—Dr. Emil Halub 
recently addressed the London Geographi- 
cal Society respecting a hitherto undescribed 
African tribe called the Marutse. They in- 
habit the country formerly ruled by the Ma- 
kololo, described by Dr. Livingstone, who 
have ceased to exist. Dr. Halub said that 
when he crossed the Zambesi, and entered 
into their country, it seemed that he had left 
Africa, for the tribes were entirely different 
from the others in South Africa. They be- 
long to the Banti family, but differ from the 
| other members of this family in their ap- 
| pearance, customs, and workmanship. They 
| have their own civilization, independent of 
| influence from white men; and, while the 
| other tribes have nothing which could be 
| called a religion, they believe in a Supreme 

Being and in a life after death. They call * 
| the Supreme Being N’yambe, but have so 
| great a reverence for him that they do not 
| like to pronounce his name. Whenever a 
| serious event happens, as when a man is 


| killed by a buffalo, a crocodile, or an ele- 
| phant, the common expression is “ N’yambe 
| has ordered it, and it is no use resisting.” 
| When a member of the royal family was ill, 

he was taken to the grave of one of his an- 

cestors, when the king knelt on the grave, 
and prayed to the deceased, “You, my 
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grandfather, who are near to N’yambe, pray 
to N’yambe that the disease may be taken 
from this man.” When a great disaster 
happened, as in the case of the river over- 
flowing its banks, the people gathered around 
the graves of the chiefs, and prayed, “ You, 
who are with N’yambi, pray for us.” Pre- 
vious to the present reign, the king was as- 
sisted by a Great Council and a Privy Coun- 
cil, and the cases of persons who were 
thought to be guilty of crimes deserving 
capital punishment were submitted to the 
Great Council for decision. The present king 
has abolished this usage. This king assumed 
to have supernatural powers, and the people 
believed in his pretensions and were afraid 
of him; but he attempted at one time to 
exercise his powers publicly to secure the re- 
turn of some chiefs whom he had condemned 
to death and who had run away, and failing, 
lost his reputation. The people are superior 
to all the South African tribes in the char- 
acter of their clothing, their skill in working 
in ivory and metals, and their customs gen- 
erally. They trade with the other tribes to 
the north and to the west. They excel the 
more southern tribes in mental ability, cul- 
tivate music, and hold women in high es- 
teem. 


Hygienie Conditions of School-Life.— 
The “ Lancet” has undertaken to inquire in- 
to the hygienic conditions of school-life in 
educational establishments, including those 
in which only the most limited numbers of 
pupils are taken. Aiming principally to 
disclose defects which are generally over- 
looked or little noticed, it invites and expects 
the codperation of the conductors of the 
schools. It has framed a list of questions 
relating to the character and capacity of the 
premises, their original purposes and their 
adaptation to the uses of a school, the accom- 
modations for pupils, provision of air and 
diet, the hours of school work and the time 
given wholly to play, the general health ot 
the establishment, and the amount of illness 
during the year, the appearance or non- 
appearance of epidemic disease, the sanitary 
arrangements proper of the establishment, 
the provisions for isolation in case of a sud- 
den attack of infectious disease, and the 
system of medical inspection which may be 
in use. The results of its inquiries as a whole 
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will be given in the form of reports and sug- 
gestions with a view of defining, so far as 
may seem expedient, the conditions of health 
in body and mind of youth attending school. 
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Mr. R. E. Earze, of the United States 
Fish Commission, observed this year that 
the Spanish mackerel (Cybium maculatum) 
was spawning freely in Chesapeake Bay. He 
reported his discovery to Professor Baird, 
and then proceeded to hatch out the spawn 
with most satisfactory results, getting about 
half a million of fish in three or four differ- 
ent lots. The fry, which were hatched in 
water of 84° in eighteen hours after impreg- 
nation, seem to be unusually hardy. Prep- 
arations will be made to hatch out immense 
quantities of fish during the next spawning 
season. The fact is established by these 
experiments that this fish is quite able to 
live in brackish water. 


Proressor E. B. ANpREws died at Lan- 
caster, Ohio, on the 21st of August, in his 
sixtieth year. He was a graduate of Ma- 
rietta College, in which institution he was 
Professor of Geology from 1861 until 1869, 
when he joined the Geological Survey of the 
State. He is the author of some of the most 
valuable reports of the survey, and to him 
is due a careful study of the coal deposits 
of the southeastern section of the State, and 
of other of its mineralogical and geological 
resources. 


Ir was noticed several years ago that, 
when white light was mixed by the method 
of rotating disks with ultramarine, the color 
instead of assuming a paler tint of violet- 
blue became more violet, and passed, when 
much white was added, into a pale violet. 
Professor Rood, of Columbia College, has 
been trying the results of mixing white with 
other colors, and has found that, instead of 
giving lighter shades of the original color, 
the effects are such as would be produced by 
adding a quantity of violet light. Thus, ver- 
milion becomes somewhat purplish, orange 
more red, yellow more orange, yellowish- 
green more green, green more blue-green, 
cyan-green less greenish, more bluish, co- 
balt-blue more of a violet-blue, ultramarine 
(artificial) more violet, purple less red, 
more violet. Only greenish-yellow is not 
changed. 


Tue Society of American Taxidermists, 
recently organized at Rochester, New York, 
is believed to be the first of its kind ever 
established. Its avowed object is to combine 
the skill and knowledge of taxidermists in 
the development of their art, and to raise it 
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to a level with the kindred fine arts of paint- 
ing and sculpture. The first general meet- 
ing and exhibition of the Society will be 
held in Rochester about December 20th, 
when displays are invited of stuffed animals 
in groups, single specimens, etc. 


BriGADIER-GENERAL ALBERT J, MEYER 
died at Buffalo, the 24th of August, in the 
fifty-third year of his age. He early turned 
his attention to the devising of practicable 
methods of signaling, and rendered efficient 
service by this means during the war. He 
was chiefly known to the public by his work 
in connection with the establishment and 
development of the present extensive and 
complete Weather Service, of which he was 
the chief officer. 


A Frencu chemist, M. Alland, has found 
a way to give a solid and soluble form to 
sulphuret of carbon, by which it is made 
much less volatile, more convenient to han- 
dle, and more efficacious as an insecticide. 
He dissolves the sulphuret in a heavy oil 
which is formed in the manufacture of an- 
thracene and saponifies with lime, and adds 
quicklime to the solution. The paste thus 
obtained is soaked in water and dried into a 
cement which forms an isolating crust. A 
very effective insecticide, which, however, 
acts slowly, is thus obtained. 


Proressor C. W. Borcuarpt, of the Uni- 
versity of Berlin, died at Riidersdorf, near 
Berlin, June 27th. He was formerly Profes- 
sor of Mathematics in the Prussian Military 
Academy, and had been since 1856 editor of 
the “Journal for Pure and Applied Mathe- 
matics,” the oldest of the existing mathe- 
matical periodicals. 


Tue President of the Anthropological In- 
stitute of London has attempted an explana- 
tion of the long-standing and puzzling ques- 
tion of the manner in which the huge and 
heavy stones which stand as monoliths or in 
groups as tombs or temples were lifted into 
their places. Some of the hill tribes of In- 
dia still erect big stones as memorials, and 
it is reported of one of them that they re- 
cently carried a stone weighing twenty tons 
up a high hill in the course of a few hours. 
The ponderous block was inclosed in a wood- 
en framework so arranged that a large num- 
ber of men could lift all at once, and in this 
simple way it was borne to the hill-top, a 
height of four thousand feet. 


Tue London “Times” has tried with 
success the experiment of having reports of 
the debates of the House of Commons trans- 
mitted by telephone directly to its compos- 
itors while they are at work. The notes 
made by the reporter are read directly into 
the telephone-receiver in the room adjoining 
the gallery of the House, and are received 
by the compositor who sits with his ears near 
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the office terminus of the instrument. The 
compositor is provided with a system of sig- 
nals by means of which he can control the 
rate at which the reports are transmitted to 
him, and have all the corrections and ex- 
planations he may need made on the spot. 


M. CHARPENTIER has measured the varia- 
tion in the intensity of light to which the 
eye is sensitive, and has found it to be 
equivalent to about seven or eight hun- 
dredths; that is, a given light, whether 
strong or weak, must be diminished or in- 
creased in that degree to give a new sensa- 
tion distinct from the former one. The 
difference is essentially the same in direct 
and indirect vision and with light of every 
color. 


Tue death is announced of M. Lissajous, 
Professor of Physics at Toulouse, and author 
of several valuable scientific memoirs. 


Accorp1Né to a recent report of the Bos- 
ton Board of Health, appreciation of the ne- 
cessity of good sanitary conditions is stead- 
ily increasing in that city. Requests for the 
inspection of premises are now frequent, 
while a few years ago obstacles were thrown 
in the way of inspectors by the landlords. 
This regard for proper sanitary construction 
is not confined to any class, but is exhibited 
alike by the owners of elegant mansions end 
of the most ordinary dwellings. 


Mr. A. A. Breneman has obtained some 
very satisfactory results in the color decora- 
tion of common gray stone-ware. The pro- 
cess was described in a communication to, 
and samples of the ware exhibited before, 
the Chemical Section of the American Asso- 
ciation at the recent Boston meeting. This 
sort of ware has hitherto been decorated 
only in blue, but these samples showed that 
a wide range of coloring was possible. The 
process is simple and comparatively inex- 
pensive. 





Lovis Frangors pE Pourtates died at 
Beverly Farms, Massachusetts, on the 17th of 
| July, in his fifty-seventh year. Since the 
| death of Professor Louis Agassiz, he has 
| been the keeper of the Museum of Com- 
parative Zodlogy at Harvard, and was well 
known among scientific men for his work 
in connection with deep-sea dredging. 


A staTEMENT by Professor Mivart in a 
recent paper on tails, respecting the non- 
existence of monkeys in the West Indies, 
has been shown by correspondents of “ Na- 
ture” to be an error. Monkeys are found 
in the islands of St. Christopher and Ne- 
vis, and in Grenada, where they exist in 
large numbers in the wild state, and are 
very destructive to the growing crops. 
Apes are also said to be found wild in 





| Montserrat. 
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